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PREFACE. 


The  importance  of  the  subject  has  claimed  for  the 
Metallurgy  of  Iron  much  careful  scientific  investi- 
gation^ both  in  this  country  and  abroad;  but  being 
confined,  for  the  most  part,  to  large  and  expensive 
works,  or  to  the  pages  of  scientific  periodicals,  it  is 
scarcely  available  for  the  technical  education  of  the 
great  class  to  whom  a  general  knowledge  of  the  phy- 
sical properties  of  the  ores,  and  the  latest  and  most 
approved  means  of  reducing  them  to  a  condition  suited 
for  the  purposes  of  the  manufacturer,  is  desirable. 

To  supply  this  want  is  the  chief  object  the  author 
has  had  in  view  in  producing  this  volume,  which  he 
believes  will  furnish  much  information  that  practical 
workers  of  iron,  students,  and  owners  of  iron  mines 
require,  in  a  condensed  and  portable  form. 

A  work  of  this  nature,  as  a  matter  of  course,  must 
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\l  PREFACE. 

in  a  great  measure  be  a  compilation  from  the  larger 
modem  publications  on  the  same  subject.  The  author 
acknowledges  his  obligations  to  the  following  published 
abroad : — 

Babr. — "  Das  Eiaen/'  and  the  Swedish  edition  by  Akerman. 

Kabsten. — "  Eisenhiittenkunde." 

Kbbl. — "  HUttenkunde,"  vol.  iii.  2nd  Edition. 

RiTTDroER. — **  Erfahningen." 

TuKNER. — "  Stabeisen  nnd  Stahllobrikation." 

"  Report  on  International  Exhibition,  1862/'  in  the  Leohen 

Jahrbueh. 
Waonbr's  "  Jahresbericht  fiir  technische  Ohemie." 
"  Berg  und  Hiittenmannische  Zeitung  of  Freiberg." 
"  Oesterreichische  Berg^erks  Zeitung." 
Ansiaxtx  and  Masson. — *' Fabrication  da  Fer/'  &c. 
Db  Vathaibb.— "  Etudes  snr  les  Hants  Foumeaux." 
Qrunbr  and  Lan. — "M6tallurgie  du  Fer  en  Angletexre,"  &c., 

published  in  the  Annalea  dea  Mines. 
Jordan. — **  H6tallurgie  du  Fer  an  Pays  de  Sieg^n,"  published  in 

De  Kuyper's  Revue  Univereelle. 

He  has  also  perused  with  confliderable  advantage, 
especially  in  regard  to  our  Iron  Works — Percy's 
"  Metallurgy  of  Iron  and  Steel,"  Truran's  "  Iron 
Manufacture  of  Great  Britain,"  JSToad's  article  "  Iron  " 
in  "  Ure's  Dictionary,"  and  articlot  on  Iron  Works  in 
*•  Engineering." 

The  illustrations,  drawn  by  Mr.  J.  B.  Jordan,  have 
mostly  been  reduced  from  large-scale  drawings,  espe- 
ciaUy  those  published  by  the  Technical  Institute  of 
Berlin,  under  the  title  "  Zeichnungen  fiir  die  Hiitte." 

LoNDON>  March,  1868. 


PKEFACE  XO  THE  THIED  EDITION. 


In  preparing  a  new  edition  of  this  work,  to  be  issued 
in  the  series  for  which  it  was  originally  designed, 
advantage  has  been  taken  of  the  opportunity  to  bring 
it  up  to  the  present  time  by  the  insertion  of  notices  of 
the  principal  facts  and  processes  in  connection  with 
iron  making,  that  have  been  made  public  during  the 
interval  of  four  years  that  have  elapsed  since  the  work 
was  written.  These  additions  have  been  introduced  in 
their  proper  places  in  the  original  text.  Among  them 
will  be  found  notices  of  the  Siemens-Martin  steel  pro- 
cess, probably  the  greatest  advance  made  in  iron- 
metallurgy  since  Bessemer's  great  invention,  as  well  as 
the  various  plans  proposed  by  Heaton,  Ellerhausen, 
and  others.  During  the  final  revision  of  the  sheets, 
the  Proceedings  of  the  South  Staffordshire  Meeting  of 
the  Iron  and  Steel  Association  were  published,  contain- 
ing many  papers  which  appear  to  be  of  great  imme- 
diate interest,  and  therefore  notices  of  some  of  these 
have  been  given  as  additional  notes. 


Vlll  PREFACE. 

The  present  is  the  third  edition,  the  second  having 
been  issued  for  circulation  in  America,  with  the  addi- 
tion of  a  preface  and  appendix  on  the  Siemens-Martin 
process,  \>y  an  eminent  American  iron-master,  Mr. 
Abram  S.  Hewitt,  of  New  Jersey,  who  is  well  known 
by  his  elaborate  and  exhaustive  report  on  the  Metal- 
lurgy of  iron  as  exhibited  in  Paris  in  1867 

London,  September^  1871* 
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CHAPTER  I. 

IKTBODUCTOBY  AND  HISTORICAL  SKETCH. 

The  subject  of  iron-smelting  is  the  largest  and  most 
important  in  the  whole  domain  of  metallurgy^  and,  at 
first  sight,  presents  a  remarkable  contrast  to  all  other 
branches  of  the  smelter's  art.  For  in  the  case  of  most 
of  the  other  metals  employed  as  such  in  the  arts,  we 
have,  as  sources  of  supply,  a  numerous  class  of  minerals 
varying  greatly  in  richness  and  composition,  and  sus* 
ceptible  of  reduction  to  the  metallic  state  by  processes 
also  differing  greatly  among  each  other ;  while,  in  the 
case  of  iron,  the  few  minerals  that  can  be  made  useful 
as  ores  are  restricted  within  much  narrower  workable 
limits,  and  form  only  one  class  of  chemical  compounds, 
namely,  oxides,  whose  reduction  can  be  effected  practi- 
cally only  by  one  agent — that  is,  carbon  or  carbonic  oxide. 
But  as  a  very  high  temperature  is  necessary  to  effect 
the  reduction,  the  metal  almost  always  combines  with  a 
greater  or  less  proportion  of  the  reducing  agent,  as  well 
as  of  other  elementary  substances,  such  as  silicon, 
sulphur,  and  phosphorus,  that  may  be  present  either  in 
the  ore,  the  fuel,  or  the  flux,  so  that  the  ultimate 
result  is  never  a  pure  metal,  but  a  series  of  compounds, 
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Z  METALLURGY  OF   IRON. 

varying  In  properties  from  great  hardness  to  perfect 
malleability,  and  from  ready  fusibility  to  almost  abso- 
lute infusibility. 

Practically  speaking,  absolutely  pure  iron  may  be 
said  to  be  of  no  commercial  yalue.  But^  on  the 
other  hand,  extraordinarily  small  traces  of  foreign 
elements  exert  a  very  marked  influence  on  the  metal, 
and  it  is  precisely  these  small  and,  in  many  cases,  un- 
noticed differences  of  composition,  that  render  so  many 
points  in  the  chemistry  and  practical  working  of  iron 
obscure  and  difficult  to  be  understood.  When  it  is 
considered  that  the  investigation  of  such  problems  calls 
for  researches  involving  the  utmost  refinements  of 
analytical  chemistry,  it  is  not  remarkable  that  contra- 
dictory statements  and  opinions  still  abound  on  many 
points  of  the  chemistry  of  iron-making. 

The  mechanical  considerations  involved  in  this  sub- 
ject are  almost  as  important  as  the  chemical;  for, 
unlike  the  smelter  of  other  metals,  who  is  able  by  fusion 
alone  to  bring  his  finished  product  to  a  merchantable 
state,  the  iron  smelter  has  to  deal  with  pasty  infusible 
masses,  which  require  to  be  compacted  and  moulded  by 
pressure  by  powerful  machines,  such  as  hammers, 
presses,  rollers,  &6.,  before  they  can  be  made  available 
for  consumption. 

In  view,  therefore,  of  the  great  magnitude  of  the 
subject,  it  may  be  as  weU  to  state,  at  starting,  that  the 
treatise  now  placed  in  the  reader's  hands  is  devised  to 
fiimish  such  information  connected  with  the  metallurgy 
of  iron  as  may  be  necessary  for  the  elucidation  of  the 
general  principles  upon  which  the  processes  used  in  the 
reduction  of  iron  from  its  ores  are  based.  While,  there* 
fore^  referring  the  student  for  the  detailed  discussion  of 
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the  various  points  to  the  larger  works  on  the  same  sub* 
ject, — such,  for  example,  as  the  elaborate  yolnme  pub- 
lished by  Percy,  in  this  country,  and  those  of  Karsten, 
Flachat,  Valerius,  Julien,  Tunner,  and  others  on  the 
Continent,- — ^we  shall  proceed  to  notice  in  as  succinct 
a  manner  as  possible,  the  principal  facts  and  opinions 
current  in  the  modem  practice  of  iron-smelting  under 
the  following  general  headings : — 

1.  Outline  of  the  chemistry  of  iron  from  the  metallur- 
gical point  of  view,  noticing  only  such  compounds  as 

immediately  interest  the  smelter. 

2.  Composition  modes  of  occurrence  and  distribution 
of  the  ores  of  iron.' 

3.  Methods  of  assaying,  mixing,  and  fluxing  ores. 

4.  Description  of  processes  whereby  the  ores  are 
reduced  to  the  metallic  state. 

Before  entering  upon  the  consideration  of  the  above 
subjects,  it  will  be  convenient  to  state  broadly  the 
nature  of  the  finished  products  of  the  iron  smelter's 
labour,  and  to  glance  rapidly  at  the  historical  part  of 
the  subject. 

Of  the  Products  of  Iron  Smelting — Cast  Iron — Malleable 

Iron — Steel, 

Iron  is  employed  in  the  arts  under  three  several 
states,  whose  variable  properties  are  mainly  due  to  dif- 
ferences in  the  quantity  of  carbon  present,  and  in  a 
lesser  degree  to  that  of  other  foreign  matters.  When 
alloyed  with  a  maximum  of  the  latter  element,  an 
amount  which  in.  ordinary  smelting  does  not  exceed 
6  per  cent.,  or  fall  below  2  per  cent.,  the  substance 
obtained  is  known  as  cast  iron  or  pig  metal       Tbij 
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4  METALLXJBGrY  OF   IRON. 

is  a  hard  and  comparatiyely  brittle  substance^  which 
can  be  readily  fdsed  at  a  high  temperature,  and  is 
susceptible  of  being  moulded  into  solid  forms  by  cast- 
ing, but  also  in  most  modem  iron  works  forms  an 
intermediate  product  in  the  manufacture  of  the  other 
classes.  According  as  the  metal  may  be  most  adapted 
for  founders'  or  forge-masters'  use,  it  is  distinguished 
as  forge  or  foundry  pig. 

Wrought  or  Malleable  Iron.  This,  the  nearest  approach 
to  the  chemically  pure  metal  that  can  be  obtained  on 
the  large  scale,  may  be  ahnost  absolutely  iree  from 
carbon,  and  never  contains  more  than  0*25  per  cent. 
It  is  a  soft;,  malleable,  and  extremely  tenacious  sub- 
stance, invisible,  except  at  the  extreme  temperatures 
obtainable  in  ftimaces  of  special  construction,  but 
capable  of  being  agglomerated  by  pressure,  when  at  a 
white  heat,  to  a  compact  state  by  the  process  of  welding. 
When  heated  and  suddenly  cooled,  it  retains  its  soft- 
ness. It  may  be  produced  either  directly  from  the  ore 
or  by  the  conversion  of  pig  iron.  The  varieties  of 
malleable  iron  are  distinguished  by  many  different 
names,  but  these  have  reference  rather  to  form  and 
destination  than  to  differences  of  composition. 

Steel,  Those  varieties  of  iron  in  which  the  amount  of 
carbon  is  above  the  maximum  of  malleable,  and  below 
the  mininfium  of  cast  metal,  are  known  as  steel.  The 
distinguishing  property  of  this  class  of  products  is  the 
power  of  being  hardened  or  softened  at  pleasure,  by 
sudden  or  rapid  cooling,  by  the  process  known  as  tem- 
pering. Being  intermediate  in  position  between  wrought 
and  cast  iron,  steel  is  both  fusible  and  malleable,  but 
requires  a  higher  temperature  for  ftision  than  the  latter, 
and  greater  compressing  power,  owing   to  its  lower 
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welding  temperature,  than  the  former.  Those  varieties 
that  are  richest  in  carbon  are  the  hardest  andmostfusibloy 
and  are  known  as  strong  steels,  while  those  that  are 
nearer  malleable  iron  in  composition  are  distinguished 
as  mild  steels  or  steely  irons,  Sbeel  may  be  obtained 
either  direct  from  the  ore  at  one  operation,  or  indirectly 
by  a  variety  of  processes  of  greater  or  less  complexity 
from  either  cast  or  wrought  iron. 

Outline  of  the  Progress  of  Iron  Manufacture.  The 
history  of  the  production  of  iron  is  probably  almost 
co-extensive  with  that  of  the  hiiman  race ;  at  least,  it  goes 
back  far  beyond  the  periods  of  authentic  history. 
According  to  the  Pentateuch  (Gen.  iv.  22)  the  dis» 
covery  of  iron  is  attributed  to  Tubal  Cain,  who  is  said 
to  have  been  sixth  in  descent  from  Adam.  Pagan 
tradition  assigns  the  discovery  to  Yulcan,  placing  it 
about  the  time  of  Deucalion's  deluge.  There  can  be 
little  doubt  that  the  discovery  was  made  at  a  very 
early  period,  as  the  production  of  small  masses  of 
malleable  iron  is  one  of  the  simplest  of  all  metallur- 
gical operations,  requiring  only  a  smaU  furnace  without 
blowing  apparatus,  such  as  can  be  made  by  digging 
a  hole  in  the  side  of  any  bank  exposed  to  the  prevailing 
wind,  a  supply  of  easily  reducible  ore,  and  charcoal  for 
fuel.  Such  processes  as  these  have  been  described  as 
in  use  in  AMca  by  Mungo  Park,  and  are  still  employed 
in  Birmah ;  and  probably  something  of  the  same  kind 
is  indicated  by  the  tradition  which  ascribes  the  discovery 
of  iron  in  Scythia  to  the  effects  of  forest  fires  in  dis- 
tricts containing  iron  ores,  when  portions  of  the  reduced 
metal  are  said  to  have  been  foimd  among  the  ashes  of 
the  burnt  trees. 

It  may  have  been,  however,  that  the  masses  of  iron 
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referred  to  weire  meteorites,  whose  existence  was  first 
made  apparent  by  the  clearing  of  the  ground. 

Homer  refers  several  times  to  iron  and  steel.  Thus 
in  the  twenty- third  Iliad,  Achilles,  at  the  funeral  games 
of  Patroclus,  gives  a  disc  of  iron  as  the  prize ;  and 
in  the  ninth  Odyssey,  the  hissing  of  the  burning  stake 
that  Ulysses  plunges  into  the  eye  of  Polyphemus  is 
compared  to  the  noise  produced  when  steel  is  hardened 
by  quenchinfi:  it  with  water  when  at  a  red  heat. 

Probably  the  first  important  improvement  in  the 
manufacture  was  the  introduction  of  the  artificial  blast, 
which  is  of  great  antiquity.  In  Egyptian  sculptures 
of  the  reignofThothmes  111.(1505  B.c.)smiths  are  repre- 
sented working  at  a  forge,  which  is  provided  with  two 
simple  leather  bellows,  worked  by  the  pressure  of  men's 
feet  for  the  exhaust,  and  inflated  by  strings  pulled  by 
hand,  in  a  manner  exactly  similar  to  that  still  employed 
in  Birmah. 

Aristotle  (b.c.  384-322)  describes  the  process  of  making 
cast  steel  used  in  India,  which  is  still  produced  under 
the  name  of  wootz ;  and  also  the  manner  in  which  the 
,  Chalybes  of  the  Euxine  procured  iron.  Pliny  (a.d.  23- 
79)  mentions  the  great  masses  of  iron  ore  still  worked 
in  Elba,  Styria,  and  Spain,  and  describes  the  methods 
of  making  iron  and  steel,  especially  remarking  that  the 
quality  of  the  latter  depended  upon  the  water  used  in 
quenching,  and  that  small  tools  were  tempered  in  oil. 
("  Natural  History,"  bk.  xxxiv.  chap.  41.) 

Diodorus  (b.c.  60-40),  in  describing  the  iron  works  of 
Elba,  states  the  ore  was  reduced  to  small  pieces  and 
heated  in  furnaces ;  the  charge,  when  properly  softened, 
was  removed  and  divided  into  small  masses,  which  had  a 
spongy  appearance  (blooms),  and  were  exported  to  the 
main  land  of  Italy  for  conversion  into  tools. 
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Gtden  (a.d.  131)  remarks  that  knives  tfiade  of  Indian 
iron   (steel)  were  remarkable  for  their  strength  and 
hardness,  but  were  often  so  brittle  that  the  cutting 
edge  splintered  oS,  owing  to  their  having  been  im 
properly  tempered. 

According  to  Franquoy,  bellows  with  valves  were  in- 
troduced by  the  Bomans  into  Qtiul  during  the  fourth 
century  a.d.  These,  although  single  acting  and  made 
of  leather,  were  a  considerable  advance  upon  the  savage 
form,  which  required  strings  for  their  inflation.  The 
wooden  double  bellows,  which  are  still  in  use  in  some 
parts  of  the  Continent,  may  be  regarded  as  the  pre- 
cursors of  the  cylinder  blowing  engine,  and  were  intro- 
duced into  the  Harz  about  1620,  either  from  Franconia 
or  Thuringia. 

During  the  middle  ages  the    great    improvement 
consisted  in  the  gradually  increasing  height  of  the 
furnace,  consequent  on  the  use  of  ores  of  an  infusible 
and  difficultly  reducible  character.     This  necessitated 
a  special  means  of  withdrawing  the   reduced    mass 
of  iron  (lump  or  bloom),  which  was  effected  through  a 
lateral  opening  in  the  hearth,  or  lower  part  of  the 
furnace,   instead  of  being  lifted  out  from  above,   as 
was  done  with  the  ordinary  open  fire.     With  the 
increased  length  of  the  operation,  the  reduced  metal 
being  left  for  a  considerable  time  in  contact  with  the 
fuel,   facility  was  given  for  a  greater  absorption  of 
carbon,  resulting  in  the  formation  of  a  larger  quan- 
tity of  molten  pig  iron,  which  was  run  out  with  the 
slag,  than  was  the  case  with  the  open  fires.     The 
increased  height  of  the  furnace  is  well  seen  in  Agricola 
("De  Re  MetalKca,'*  lib.  xii.  edit.  1546),  who  describes 
two  different  methods  of  iron- working  as  common  in 
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^is  time.  The  text  is  not  very  clear,  but  the  engraTings 
represent,  in  the  first  case,  an  ordinary  bloomery,  in 
which  malleable  iron  is  produced  directly  from  the  ore, 
together  with  a  certain  quantity  of  hard  or  pig  iron  ; 
while,  in  the  second  method  described  as  in  use  with 
refractory  ores,  the  Aimace  has  a  shaft  of  such  a  height 
that  the  furnace-man  requires  to  ascend  a  short  flight 
of  steps  to  reach  the  throat,  or  charging-place.  It  is 
surprising  that  this  author  makes  no  mention  of 
foundry  work ;  but  as  he  states  that  the  ^^  hard  iron  " 
of  the  bloomery  was  useful  for  stamp  heads,  he  was 
probably  acquainted  with  the  use  of  iron  castings,  but 
not  with  their  mode  of  manufacture.  The  omission 
may  abo  be  accounted  for  by  supposing  that  no 
foundries  existed  in  Saxony,  to  which  coimtry  most 
of  Agricola's  descriptions  refer,  until  some  time  after 
their  establishment  in  the  Bhenish  and  Low  Countries. 
The  subject  of  iron-founding  is  noticed  by  Lazurus 
Ercker  in  his  "  Probierbuch,"  published  in  1574.  Kar- 
sten  supposed  that  the  Stuckofen,  or  high  bloomery 
furnace  aboye  referred  to,  was  of  Eastern  origin,  and 
was  first  introduced  into  Styria,  travelling  thence 
westward  to  Burgundy  and  Alsace,  subsequently  re- 
turning eastward  into  Bohemia  and  Saxony ;  and  that 
the  later  forms  of  Blauqfen  and  high  furnace  (the 
prototypes  of  the  modem  blast  ftimace)  were  invented 
in  the  Netherlands.  The  first  indications  of  the  latter 
are  found  in  Lorraine  and  in  the  German  Bhineland. 
Franquoy,  who  seeks  with  patriotic  zeal  to  establish 
the  priority  of  invention  of  the  blast  Aimace  to  the 
Lidge  district,  states  that  according  to  documentary 
evidence  the  hauts  fourneaux  at  Yennes  and  Grivegn^e 
in  that  country  were  established  before  a.d.  1400,  and 
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also  that  the  fdmaoe  at  Maiche  lea  Dames  w^  built  by 
William,  Oount  of  Narnnr,  a.i>.  1340.  Earsten,  on  the 
other  hand,  states  that  although  the  knowledge  of 
pig  iron  dates  £roin  time  immemorial,  its  use  and 
syrtematio  p«xl«ction  for  fouidry  parpoae.  cannot 
be  traced  back  with  certainty  to  an  earlier  period 
than  the  end  of  the  fifteenth  century. 

In  England,  the  blast  fomaoe  was  probably  in  use  at 
a  Tery  early  period,  as  we  have  evidence,  according  to 
Lower,  of  ornamental  castings  being  made  in  Sussex 
some  time  in  the  fourteenth  century.  The  principal 
seats  of  the  iron  trade  at  that  period  in  England  were 
in  the  great  forests  of  Sussex,  Gloucestershire,  and  South 
Wales,  where,  under  the  older  forms  of  bloomeries,  iron 
works  had  existed  since  the  days  of  the  Romans.  The 
gradual  diminution  of  the  forests  of  Sussex  under  the 
demands  of  the  furnace,  a  process  of  destruction  which 
may  be  seen  going  on  at  the  present  time  with  increased 
rapidity  in  Sweden,  North  America,  and  other  countries 
producing  charcoal  iron,  led  to  the  passing  of  a  stringent 
act  in  1584  (27th  Elizabeth),  forbidding  the  further 
erection  of  iron  works  in  the  Weald  of  Sussex  except 
under  certain  limitations.  With  the  commencement  of 
the  seyenteenth  century  came  the  first  attempts  at 
smelting  with  mineral  fael,  the  pioneer  of  this  parti- 
cular improvement  being  Dud  Dudley,  who  in  1619 
produced  both  pig  and  wrought  iron  with  coal  in  Wor- 
cestershire ;  but  the  scheme  was  imsuccessful,  owing  to 
the  opposition  of  the  charcoal  iron  masters,  so  that 
after  trials  in  several  localities  extending  over  upwards 
of  thirty  years,  all  of  which  ended  uofortimately,  the 
inventor  finally  abandoned  the  subject.  A  similar  trial 
was  made  in  Hainault  by  Ootavius  Strada,  a  native 

B  3 


10  HETALLUBOT  OF  IRON. 

of  Bohemia,  in  1625,  who  obtained  a  monopoly  of  the 
inyention  for  twenty-five  years,  but  it  led  to  no  prac- 
eical  results.  It  was  not  till  more  than  a  century  later, 
namely,  in  1735,  that  the  problem  of  smelting  with  coal 
was  successfully  solved  by  Abraham  Darby,  of  Cole- 
brookdale,  who  was  the  first  to  use  coke  in  the  blast 
furnace,  an  improvement  which  spread  rapidly  into  all 
other  iron-producing  districts  situated  on  or  near  the 
coal  measures.  The  last  furnace  in  the  Weald  of 
Sussex,  at  Ashbumham,  was  blown  out  in  1829,  and 
there  are  now  only  two  or  three  scattered  representa- 
tives of  the  ancient  charcoal  furnaces  remaining  in 
the  whole  of  the  United  Kingdom.  The  century  fol- 
lowing the  success  of  Abraham  Darby  is  marked  by 
the  introduction  of  the  two  great  inventions  which 
especially  distinguish  the  modem  period  of  iron  manu- 
facture ;  that  is,  the  substitution  of  the  reverberatory 
furnace  for  the  open  fire  in  the  forge,  and  the  use 
of  heated  air  in  the  blast  furnace.  The  former  change 
effected  by  the  puddling  process,  invented  by  Cort  in 
1784,  has  almost  superseded  all  the  older  methods  of 
making  malleable  iron ;  and  the  latter,  due  to  JS^eilson 
and  Condie,  and  first  used  at  the  Clyde  Iron  Works  in 
1828,  has  greatly  increased  the  productive  power  of  the 
blast  furnace,  with  a  diminution  in  the  consumption  of 
fuel. 

Since  the  introduction  of  the  hot  blast,  the  chief 
improvement  in  the  blast  furnace  is  that  of  intercepting 
the  gases,  which  were  formerly  allowed  to  bum  to 
waste  at  the  throat,  and  leading  them  off  by  distri- 
buting pipes,  to  be  usefully  employed  as  Aiel  under 
steam  boilers,  hot  blast  stoves,  &c.  This  was  patented 
in    France  in    1811    by    Aubertot,   the   gases    being 
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employed  for  heating  steel  famaoee.  In  1833  the 
waste  gases  were  nsed  for  Heating  the  blast  at  Wasser- 
alfingen,  in  Bavaria,  and  a  similar  apparatus  was  first 
erected  in  this  country  in  1848  by  J.  P.  Budd,  at 
Ystalyfera^  in  Glamorganshire,  since  which  time  yarious 
modifications  of  the  same  plan  have  been  adopted  to  a 
considerable  extent,  especially  in  those  furnaces  that 
are  obliged  to  draw  their  fuel  firom  a  distance,  but 
in  other  districts,  as  for  example  in  South  Staffordshire 
and  Scotland,  the  old  flaming  throats  still  prevail. 

Within  the  last  few  years,  the  chief  inventions  and 
improvements  have  been  in  steel  manufacture,  and 
many  new  processes  have  been  introduced.  Prominent 
among  these  is  that  named  after  its  inventor,  Henry 
Bessemer,  which,  although  only  of  a  few  years'  standing, 
has  already  effected  important  services  by  the  produc- 
tion of  a  material  admirably  adapted  for  use  in  railway 
and  other  engineering  work  in  pkce  of  wrought  iron. 
Perhaps  the  problem  of  most  immediate  interest  at 
present  is  that  of  the  economical  substitution  of  me- 
chanical for  manual  power  in  the  process  of  puddling, 
so  as  to  enable  the  forge-master  to  manipulate  larger 
masses  of  malleable  iron  at  a  time,  and  thus  to  put  him 
more  nearly  on  an  equality  with  the  cast-steel  maker 
than  is  the  case  at  present. 

With  the  exception  of  the  Weald  of  Sussex,  very  little 
change  has  taken  place  in  the  position  of  our  principal 
iron- working  centres  from  the  earliest  time  down  to  the 
present  day.  Since  the  great  expansion  of  railways 
several  new  and  important  localities  have  been  brought 
into  work,  the  ores  being  carried  to  the  fuel  or  the 
reverse,  according  as  might  be  most  advantageous.  In 
thiB  w&j  the  great  northern  coal  field  of  England,  which 
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18  almost  absolutelj  witiiout  ironstoney  giyes  rise  to  the 
largest  produotioii  in  the  kingdom  by  feeding  the  deye- 
land  district  with  coal  and  coke,  and  drawing  iron- 
stone for  its  own  fllmaces  in  return.  The  preyaleaee 
of  cheap  ores  in  the  oolitic  districts  has  brought  the 
blast  furnace  to  within  fifibj  miles  of  London  in  North- 
amptonshire, and  the  pastoral  districts  of  Wiltshire 
baye  been  inyaded  by  the  same  yisitor.  It  need  not, 
therefore,  be  a  matter  of  much  surprise  if  at  some 
future  period  the  Wealden  furnaces  were  to  be  re*Mghted, 
as  they  could  be  easily  supplied  with  tael  from  the 
western  coal  fields  should  the  supply  of  ore  be  sufficient 
to  warrant  the  attempt,  especially  as  on  the  opposite 
coast  of  France  large  furnaces  haye  been  established 
for  smelting  ores  out  of  the  eame  formation,  and  which 
are  supplied  with  fuel  from  England. 


CHAPTER  II 

OUTLINE  OF  THE   CHEMISTRY  OF   IRON. 

The  chief  chemical  points  inyolyed  in  the  metallurgy 
of  iron  will  next  be  briefly  noticed  imder  this  head, 
in  the  order  adopted  equally  by  Elarsten  in  his  oliussical 
**  Eisenhiittenkunde,^'  and  also  by  Percy,  commencing 
with  the  pure  metal,  and  proceeding  to  notice  the  prin- 
cipal compounds  with  other  elements,  metallic  and  non- 
metallic,  that  are  of  importance  from  a  metallurgical 
point  of  yiew. 

Metallic  Iron.    This  may  be  obtained  in  a  chemically 
pure  condition  by  reducing  peroxide  of  iron  by  hydro- 
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gen  at  a  red  keat^  or  by  re-meltmg  the  purest  Tarietiee 
of  malleable  iron  with  an  oxidising  flux,  in  order  to 
remove  the  last  traces  of  combined  carbon.  It  may 
also  be  deposited  by  electrolysis  from  a  solution  of  pro* 
tochloride  of  iron,  in  the  form  of  brilliant  malleable 
films, — a  process  that  has  been  employed  by  engravers 
to  protect  the  face  of  engraved  copper  plates  from  nndna 
wear  during  printing,  and  is  known  as  aeierage,  or  steel 
facing.  It  does  not  appear  to  be  quite  certain,  how* 
ever,  from  the  contradictory  statements  made  by  differ* 
eut  observers,  that  electro-deposited  iron  so  obtained 
is  absolutely  free  from  nitrogen. 

The  physical  properties  of  the  metal  vary  very  con- 
siderably, according  to  the  means  adopted  for  its  pro* 
duction.  When  obtained  by  reducing  peroxide  of  iron 
by  hydrogen  at  the  lowest  possible  temperature  at 
which  the  change  can  be  effected  (aocordin  g  to  Magnus 
between  600«  and  700^  F.),  it  forms  a  dark  grey 
powder,  which  combines  energetically  with  oxygen, 
taking  fire  spontaneously  when  slightly  heated  and 
thrown  into  the  air.  When,  however,  the  reduction 
takes  place  at  a  higher  temperature,  the  metallic  powder 
agglutinates  to  a  qponge  of  a  filamentous  texture,  a 
silvery  grey  colour,  and  metallic  lustre,  which  is  no 
longer  pyrophorio. 

Larger  and  more  compact  masses  may  be  obtained  by 
removing  the  last  traces  of  carbon  and  other  foreign 
substances  from  the  purest  commercial  wrought  iron 
in  the  following  manner : — ^A  small  quantity,  fitan  800 
to  500  grains,  of  good  wrought  iron,  such  as  pianoforte 
wire  or  Bussian  black  pl^te,  cut  up  into  small  pieces, 
and  either  rusted  by  exposure  to  steam  or  mixed  with 
about  20  per  cent,  of  pure  peroxide  of  iron,  is  to  be  melted 
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under  glass  free  from  metallic  oxides,  in  a  refractory 
crucible,  at  a  strong  white  heat,  the  operation  requiring 
about  an  hour's  full  heat  of  a  good  wind  furnace.  The 
small  quantity  of  carbon  present  in  the  metal  is  ex- 
pended in  reducing  a  portion  of  the  sesquioxide,  the 
remainder  passing  into  the  slag;  the  result  being  a 
brilliant  well-melted  button  of  metal,  which  exhibits  a 
decidedly  crystalline  structure,  similar  to  that  observed 
in  meteorites  when  treated  with  an  etching  liquor,  and 
is  somewhat  softer,  but  less  tenacious,  than  the  iron 
originally  employed.  Another  method  of  obtaining 
iron  absolutely  pure,  or  nearly  so,  has  been  recently 
adopted  by  Matthiessen  in  an  experimental  research 
into  the  composition  of  cast  iron.  A  mixture  of  proto- 
Bulphates  of  iron  and  soda,  in  nearly  equal  proportions, 
are  fuded  in  a  platinum  crucible  until  the  evolution  of 
sulphurous  acid  gas  ceases.  The  iron  is  left  as  a  finely 
crystalline  peroxide,  and  may  be  separated  from  the 
fused  mass  by  treatment  with  water,  the  last  traces  of 
sulphuric  acid  being  removed  by  long  and  careful 
washing.  The  peroxide  so  obtained  is  reduced  to  the 
spongy  state  by  hydrogen,  and  the  spongy  metal,  after 
being  consolidated  by  pressure  in  a  steel  mould,  is 
melted  in  a  crucible,  made  of  caustic  lime,  before  the 
flame  of  the  oxyhydrogen  blow-pipe.  The  metal  pro- 
duced by  this  method  is  said  to  be  free  from  phosphorus, 
silicon,  and  calcium,  but  contains  a  minute  trace  of 
sulphur. 

The  electro-deposition  of  iron  has  recently  been 
efiected,  on  a  comparatively  large  scale,  by  Jacobi. 
Instead  of  the  protochloride,  a  solution  of  the  double 
sulphate  of  protoxide  of  iron  and  magnesia  is  used,  care 
being  taken  to  keep  the  solution  tus  nearly  neutral  as 
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poRsible.  The  strength  of  the  electric  current  miut  be 
regulated  so  that  very  little  hydrogen  is  eyolved. 

Electro-deposited  iron  obtained  by  this  process  is 
exceedingly  hard  and  sotnewhat  brittle,  but,  on  anneal- 
ingy  especially  in  hydrogen,  it  becomes  malleable,  soft, 
and  silTery-white.  The  specific  grarity  is  7*675  in  the 
state  of  original  deposition,  which  is  increased  by  an- 
nealing to  7*811,  in  the  same  manner  as  ordinary 
malleable  iron  or  steeL  Like  palladium,  it  possesses 
the  power  of  dissolving  or  occlading  hydrogen,  though 
to  a  considerably  smaller  extent.  By  heating  the  de- 
posited iron  in  yacuo  it  gives  up  from  seventeen  to 
twenty  times  its  volume  of  hydrogen. 

According  to  Lenz  (Pogg.  Ann  1870,  vol.  v.,  p.  242) 
the  properties  of  electro-deposited  iron  vary  very  con- 
siderably according  to  its  subsequent  treatment.  When 
the  iron  is  deposited  by  a  weak  current  from  a  solution 
containing  no  free  acid,  it  is  of  a  fine  granular  texture, 
not  showing  a  crystalline  structure  under  the  micro- 
scope, and  exceedingly  hard,  so  that  it  can  scarcely 
be  touched  by  the  file.  The  hardness  is  given,  accord- 
ing to  the  mineralogical  scale,  as  5*5,  or  intermediate 
between  that  of  apatite  and  felspar.  It  is  also  re- 
markably brittle ;  thin  plates  can  bo  rubbed  to  powder 
between  the  fingers,  and  even  a  piece  iV  of  an  inch  in 
thickness  was  easily  broken.  By  annealing  over  a 
caarcoal  hre,  the  hardness  is  reduced  to  4*5,  t.«.,  the 
iron  scratches  fluor-spur,  but  not  apatite ;  and  the  brit- 
tleness  is  replaced  by  extreme  softness  and  ductility ; 
the  thin  plates,  that  crumbled  when  handled  before 
annealing,  becoming  so  tenacious  that  they  may  be 
repeatedly  folded  backwards  and  forwards  even  oftener 
than    a    sheet    of   paper    without  breaking.     When 
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heated  in  yaciio,  electro-deposited  iron  changes  colour, 
and  becomes  nearly  as  white  as  hammered  platinum ; 
at  the  same  time  a  considerable  quantity  of  the 
gases,  absorbed  during  the  reduction,  are  given  off.  The 
proportion  between  Hie  volume  of  these  gases,  which 
consist  chiefly  of  hydrogen,  and  that  of  the  iron  plate 
depends  chiefly  upon  the  thickness  of  the  latter ;  the 
absorptive  power  diminishing  as  the  thickness  increases. 
In  one  instance  a  very  thin  film  was  found  to  contain 
185  times  its  volume  of  occluded  gases.  The  iron 
which  has  been  deprived  of  its  gases  by  heat  is  ex- 
tremely susceptible  to  oxidation,  and  rusts  rapidly 
when  kept  in  water  free  from  air;  at  the  same  time 
hydrogen  is  reabsorbed  to  a  small  extent,  so  that  the 
oxidation  is  due  to  the  decomposition  of  water  by  the 
iron  at  ordinary  temperatures. 

Action  of  Heat  The  melting-point  of  pure,  or 
even  ordinary,  malleable  iron  has  not  been  deter- 
mined with  certainty.  According  to  Pouillet  it  lies 
between  1,500  and  1,600^  centigrade,  while  Scheerer 
gives  it  as  2,100^  of  the  same  scale.  The  linear 
dilatation  by  heat  is  t«7  between  0°  and  100^,  and  vir 
between  0**  and  300^  C.» 

Magnetism.  Pure  iron  is  susceptible  of  being  mag- 
netised to  a  much  higher  degree  than  steel,  but  unlike 
the  latter  metal,  it  does  not  retain  its  magnetism  when 
the  exciting  cause  is  removed.  The  following  deter- 
minations of  the  proportional  magnetism  of  different 
compounds  of  iron  are  by  Pliicker  (Muller's  "  Physik,'* 
vol.  ii.  p.  402) : — 

*  In  fatnre,  except  where  ofherwise  stated,  the  temperatures  wOl  be 
expreosed  in  centigrade  degrees. 
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Magnetic  power. — Metallic  iron 100,000 

„  Magnetic  ozide   •     .     .     •  40,227 

„  ISative  peroxide ....  761 

I,  Precipitated  peroxide    .     .  714 

,y  Solution,  nitrate  of  peroxide  410 

„  „        protochloride  •     .  490 

„  Hydrated  peroxide  •     .     .  296 

Specific  Heat.  0*11379  according  to  Begnault,  or 
O'llOO  by  Dulong  and  Petit.  The  conducting  power  for 
heat  is  374,  gold  being  taken  as  1,000  (Despretz).  The 
electrical  resistance  (as  determined  by  Pouillet)  is  5*88 
times  that  of  a  copper  conductor  of  equal  sectional  area. 

The  crystalline  forms  of  iron  are  most  probably  to  be 
referred  to  the  cubical  system,  although  there  is  some 
difference  of  opinion  on  this  subject.  Fuchs  supposed 
them  to  be  in  part  rhombohedral,  and  that  the  metal  is 
dimorphous ;  the  balance  of  opinion  is,  however,  in 
fayour  of  the  former  view.  The  observed  forms  are  the 
cube,  octahedron,  and  tetrahedron.  According  to  Peli- 
got,  brilliant  cubical  crystals  are  occasionally  obtained 
when  protochloride  of  iron  is  reduced  by  hydrogen  in  a 
porcelain  tube  at  a  red  heat.  The  equivalent  or  atomio 
weight  of  iron  is  28  when  hydrogen  is  taken  as  the 
unit  of  the  scale,  or  350  when  oxygen  is  taken  as  100 ; 
its  symbol  is  Fe. 

Passivity  of  Iron.  When  a  bright  iron  wire  is  im- 
mersed in  fuming  nitric  aoid,  containing  a  certain 
amount  of  nitrous  acid,  it  becomes  passive ;  that  is,  it 
is  not  dissolved,  even  if  placed  in  acid  of  the  ordinary 
strength,  as  long  as  no  great  increase  of  temperature 
takes  place.  If,  however,  the  temperature  be  raised,  or 
the  metal  be  touched  by  a  copper  wire,  it  is  immediately 
attacked  and  dissolved. 
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If  the  experiment  be  tried  with  ordinary  nitric  acid, 
a  yiolent  action  is  set  up,  and  goes  on  until  the  wire  is 
completely  dissolved;  but  by  removing  it  from  the 
liquid,  and  keeping  it  out  until  the  adherent  film  of 
acid  has  become  saturated,  the  face  of  the  metal  becomes 
of  a  dead  white  hue,  and  on  re-immersion  is  found  to 
have  assumed  the  passive  condition,  which  it  retains 
until  it  is  rubbed  or  polished.  Steel  wire,  when  similarly 
treated,  gives  rise  to  a  violent  ebullition  for  about  twenty 
seconds,  which,  suddenly  ceases,  and  no  frirther  action 
takes  place.  This  behaviour  is  characteristic  of  all 
varieties  of  steel,  however  they  may  have  been  pro- 
duced, and  is  a  good  method  of  distinguishing  them 
from  soft  iron,  which  is  rapidly  dissolved  under  these 
conditions.  By  placing  a  bar  of  steel  and  another  of 
iron  in  the  same  acid,  and  bringing  their  ends  which 
project  beyond  the  liquid  into  contact,  the  latter  is 
rendered  passive,  and  remains  so  as  long  as  the 
temperature  of  the  liquid  is  not  raised  above  40*^. 
Steel  which  has  been  rendered  passive  in  the  cold  may 
be  digested  for  an  indefinite  period  in  boiling  nitric 
acid,  without  undergoing  any  perceptible  alteration. 

The  cause  of  this  peculiar  property  is  not  well  made 
out ;  it  is,  however,  supposed  that  it  may  be  due  to  the 
formation  of  a  very  thin,  but  closely  adherent  film  of 
oxide,  which  in  some  way  acts  like  a  varnish  and  pro- 
tects the  metal  below  from  any  further  alteration. 

According  to  the  recent  researches  of  Ordway,  the 
maximum  temperature  at  which  passivity  may  be  in- 
duced in  malleable  iron  varies  with  the  strength  of  the 
acid  used. 

Thus,  with  acid  of  specific  gravity  1*38,  iron  is 
passive   at    31^,  but  is  attacked  at  32^;   with  1*42 
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it  is  passive  at  55^,  but  is  attacked  at  56^. 

red  fuming  acid  of  specific  gravity  1*42  iron  is  paasive 

at  82"",  but  is  attacked  at  83^. 

Compounds  of  Iran  and  Oxygen.  Iron  unites  with 
oxygen  in  many  different  proportions,  of  which  com- 
pounds three  are  simple  oxides  ;  but  these  combine 
among  themselves  into  more  complex  bodies.  The 
following  are  the  simple  forms,  with  their  symbols, 
atomic  weights,  and  percentage  compositions : — 


SymbolJi. 

Atomio  Weight. 

Peroentage  Oompontiao. 

Iron. 

Ozyijeii. 

Iran. 

OX}'g«B. 

Protoxide,  orferrouB 

oxide      .... 

FeO. 

28 

8 

77-7 

22-2 

Peroxide,  sesqiii-,  or 

ferric  oxide      .     . 

Fe«0« 

56 

24 

700 

SOH) 

Ferric  acid     .    .     . 

FeOs 

28 

24 

53-9 

461 

The  first  and  last  of  the  above  compounds  are  very 
unstable  substances,  and  have  never  been  isolated,  or 
&t  any  rate  with  sufficient  certainty  to  allow  of  a  deter- 
mination of  their  physical  aad  chemical  characters.  The 
peroxide,  on  the  other  hand,  occurs  abundantly  in  a 
nearly  pure  state,  forming  the  hard  and  brilliant 
mineral  known  as  hematite  or  iron  glance.  A  lower 
oxide  of  the  composition,  FeH),  is  said  to  be  formed 
when  iron  is  burnt  in  oxygen,  but  this  is  doubtful. 

Protoxide  of  Iron.  AUhough  it  has  been  generally 
stated  that  this  oxide  is  too  unstable  a  substance  to  be 
able  to  exist  in  an  isolated  state,  yet  according  to  Debray 
it  18  formed  when  mixtures  of  steam  and  hydrogen  are 
Passed  over  sesquioxide  of  iron  at  a  red  heat,  provided 
that  the  proportion  of  the  two  gases  to  each  other  be 
not  less  than  equal  equivalents,  or  more  than  three 
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of  hydiogen  to  one  of  steam.  With  a  greater  propor- 
tion of  hydrogen  metallic  iron  is  formed.  The  oxide  so 
produced  is  said  to  be  a  non-magnetic  black  powder, 
which  may  be  burnt  in  air,  forming  magnetic  oxide. 
There  are  several  known  combinations  of  proto-  and 
peroxide  of  iron.  The  most  basic,  and  therefore  the 
nearest  approach  to  the  pure  protoxide,  is  found  in 
the  inner  portion  of  the  black  magnetic  scale  which 
forms  upon  the  surface  of  bar  iron  when  heated  to  red- 
ness with  access  of  air.  The  scale  so  formed,  when 
of  any  thickness,  is  found  to  vary  in  composition 
from  a  nearly  pure  sesquioxide  externally,  to  a  sub- 
stance which,  although  probably  not  a  definite  chemi- 
cal compound,  may  be  represented  by  the  formula 
6  FeO  +  Fe^O'  on  the  inside  in  contact  with  the 
metal.  When  the  two  oxides  are  combined  in  equal 
equivalents,  a  substance  is  formed  which  occurs  largely 
in  nature  as  a  definite  mineral,  known  as  magnetite  or 
magnetic  iron  are,  which  crystaUises  in  the  cubical 
system,  and  is,  as  its  name  implies,  distinguished  for 
its  magnetic  properties.  It  is  a  member  of  the  group 
of  minerals  known  as  the  Spinel  group,  all  of  which 
crystallise  in  the  same  form,  and  have  the  same  general 
formula  of  RO  -1-  R*0^ ;  or,  as  it  is  sometimes  con- 
tracted, R^O* ;  thus  FeO  +  Fe^O*  =  Fe»0*. 

Mydrated  Protoxide  of  Iron  may  be  produced  by  pre- 
cipitation from  the  solution  of  a  protosalt  by  the  addi- 
tion of  potash  or  soda.  It  is  a  white  flocculent  powder, 
which  almost  immediately  becomes  green  from  the 
formation  of  hydrated  magnetic  oxide.  When  freshly 
prepared,  however,  the  protoxide  is  soluble  in  150,000 
times  its  own  weight  of  water,  to  which  it  gives  an  alkaline 
reaction.     It  is  a  strong  base,  and  unites  readily  with 
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acids  to  form  protosalts,  which  are  mostly  uiutahk 
compounds  tmless  kept  out  of  reach  of  the  air,  as  thejr 
absorb  oxygen  with  greater  or  less  &cility,  and  pass 
into  the  state  of  basic  salts  of  the  peroxide.  The  most 
important  of  these  salts  occurring  in  an  anhydrous  state 
is  the  carbonate,  FeO.  GO',  which  is  found  abundantly 
in  nature  crystallised  in  a  pure  state  as  apaikie  iron 
orcy  or  siderite,  in  isomorphous  combination  with  the» 
carbonates  of  lime  and  magnesia  as  brown  tpar  and 
pearl  spar,  or  in  an  amorphous  state  associated  with  a 
greater  or  less  proportion  of  carbonate  of  lime  and  day, 
forming  concretionary  nodules,  or  septaria,  of  day  iron- 
stones and  cement-stones  in  argillaceous  strata  of 
different  geological  periods. 

Protocarbonate  of  iron  is  sensibly  soluble  in  water 
containing  free  carbonic  acid,  forming  a  bicarbonate, 
which  is  retained  as  such  as  long  as  the  solution  is  pro- 
tected from  the  air,  but  is  rapidly  altered  by  absorption 
of  oxygen  into  hydrated  peroxide  by  exposure,  as,  for 
instance,  when  waters  that  hold  iron  in  solution  are 
exposed  in  ponds  or  swamps.  This  property  has  a 
most  important  bearing  on  the  origin  of  ores,  as  it 
furnishes  a  means  by  which  large  masses  of  mineral 
may  be  elaborated  from  rocks  comparatively  poor  in, 
iron. 

When  heated  to  redness  with  access  of  air,  proto- 
carbonate of  iron  is  decomposed,  giving  rise  to  the 
magnetic  oxide,  half  of  the  acid  being  reduced  to  car- 
bonic oxide  in  order  to  supply  the  necessary  oxygen : 
thus — 

2  FeO.  CO'  =  (PeO  +  Fe»0«)  +  CO  +  CO*. 
When  iron-filings  diffused  through  water  which  has 
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been  thoroughly  depriyed  of  air  are  subjected  to  the 
action  of  carbonic  acid  gas,  the  water  is  partially  decom- 
posed, hydrogen  is  evolved,  and  protocarbonate  of  iron 
is  formed,  which  remains  in  solution  until  the  excess  of 
acid  is  removed. 

Peroxide  or  Sesquioxide  of  Iron  (Fe^O^).  This  oxide 
is  largely  met  with  in  nature,  both  anhydrous,  as 
hematite,  iron  glance,  or  red  iron  ore,  a  mineral  having, 
when  in  its  purest  state,  a  bright  metallic  lustre,  and 
crystaUising  in  the  rhombohedral  system,  and  in  com- 
bination  with  water  forming  various  hydrates,  among 
which  are  brotvn  hematite,  limonite,  &c.  It  may  be 
made  artificially  by  calcining  protosulphate  of  iron 
at  a  strong  red  heat,  the  salt,  by  its  decomposition, 
giving  rise  to  sulphuric  and  sulphurous  acids,  and  a 
bright  red  pidverulent  peroxide  known  as  rouge,  col- 
cothar,  or  crocus,  which  is  extensively  used  as  a  polishing 
material  by  i^lass  and  metal  workers.  The  reactions 
in  tliis  procei,  which  is  employed  conuuerciaUy  in  the 
manufacture  of  Aiming  or  Nordhausen  sulphuric  acid 
are  as  follows : — 

2  FeO.  SO'  =  Fe«0»  +  80'  +  S0». 

Pulverulent  varieties  of  the  same  substance,  but 
differing  in  colour  and  tenacity,  may  be  obtained  by  the 
calcination  of  other  salts  of  iron  as  follows  : — 1,  £rom 
the  pemitrate,  which  yields  a  nearly  black  product ;  2, 
from  the  persulphide,  giving  a  rouge  suitable  for  gold- 
smiths— ^this  requires  a  long-continued,  and  finally, 
rather  a  high  heat ;  and  3,  from  the  neutral  protoxalate, 
which  gives  a  very  finely  divided  product. 

A  brilliant  variety  occurs  in  small  steel-grey  crys- 
tals in  the  hollows  of  lavas  from  Vesuvius  and  other 
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Yolcanoes.  One  of  the  finest  examples  of  this  kind, 
brought  from  Ascension  Island,  is  now  in  the  Museum 
of  Practical  Geology.  It  may  be  artificially  imitated 
by  calcining  protosulphate  of  iron  at  a  strong  red-heat 
with  three  times  its  weight  of  chloride  of  sodium. 
The  latter  salt  id  unaltered,  and  may  be  dissolved  out 
with  water ;  the  residue  is  peroxide  of  iron  in  brittle 
and  crystalline  scales  of  a  dark  violet  or  nearly  black 
colour.  These  brilliant  varieties  are  distinguished  by 
mineralogists  as  specular  iron,  iron  glance,  or  oligistic 
iron. 

Peroxide  of  iron  is  also  found  crystallised  in  regular 
octahedra  in  the  mineral  known  as  Martite,  which  be- 
longs to  the  cubical  system;  it  occurs  in  conjunction 
with  the  rhombohedral  variety  in  lavas  from  Vesuvius 
and  other  localities,  and  also  in  the  slaty  hematites  of 
Lake  Superior. 

The  true  composition  of  this  mineral  is  rather  doubt- 
ful. It  has  been  sometimes  considered  as  a  pseudo- 
morph  of  magnetite.  Bammelsberg  found  in  octahedral 
crystals  from  the  eruption  of  Vesuvius  in  1856  as  much 
as  15  per  cent,  of  magnesia,  and  has  described  them  as 
magnoferrite.  He  is  not,  however,  prepared  to  regard 
this  as  necessarily  a  new  definite  member  of  the  spinel 
or  R^O*  group,  but  considers  it  to  be  a  dimorphous  form 
of  the  peroxide,  containing  magnesia  in  isomorphous 
mixture,  the  peroxides  and  protoxides  being  capable 
of  replacing  each  other  without  change  of  form.  This 
view,  if  further  extended,  would  make  magnetite  only  a 
particular  variety  of  octahedral  hematite,  in  which  the 
two  isomorphous  oxides  are  to  each  other  in  equivalent 
proportions,  and  would  fairly  explain  the  deviation  in 
composition  of  nearly  all  magnetites  from  the  theoretical 
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formula  —  sometimes  one  and  sometimes  tlxe  otker 
oxide  being  in  excess  of  the  required  amount. 

Peroxide  of  iron  forms  a  series  of  salts  parallel  to 
those  of  the  protoxide,  but  it  is  difficult  to  obtain  them 
of  a  neutral  composition,  as  their  solutions  have  a  ten- 
dency to  decompose  into  basic  and  acid  salts,  the  former 
usually  precipitating,  while  the  latter  remain  in  solution. 

At  ordinary  temperatures  the  peroxide  is  a  very 
stable  substance ;  it  may,  however,  be  decomposed  by 
heating  it  nearly  to  a  white  heat,  when  magnetic  oxide 
is  formed  with  evolution  of  oxygen  ;  thus — 

3Fe«0»  =  2Fe»0*  +  0; 

a  reaction  which  explains  why  magnetic  oxide  is  pro- 
duced when  iron  i&  burnt  in  oxygen,  the  temperature 
of  the  combustion  being  too  great  to  allow  of  the  exist- 
ence of  the  higher  oxide. 

Hydrates  of  Peroxide  of  Iron.  The  hydrate  produced 
by  precipitation  from  the  solution  of  a  persalt  of  iron, 
or  by  spontaneous  oxidation  from  the  hydrated  peroxide, 
consists  of  two  equivalents  of  peroxide  of  iron  combined 
with  three  of  water,  or  2  F^O^  3  HO.  It  forms  the  base 
of  a  large  class  of  minerals  known  as  earthy  brown 
hematite  or  limonite,  and  is  the  ultimate  product  of 
the  alteration  of  any  substance  containing  protoxide  of 
iron  when  exposed  to  the  action  of  atmospheric  air  and 
moisture. 

When  boiled  in  water  for  seven  or  eight  hours,  the 
hydrated  protoxide  loses  water,  and  is  reduced  to  the 
form  of  Fe^O*.  HO,  which  is  a  brick-red  powder  but 
slightly  soluble  in  acids,  and  also  occurs  in  nature 
beautiAilly  crystallised  in  the  minerals  gothite,  lepi* 
doorooite,  &c. 
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The  last  equivalent  of  water  may  be  removed,  and 
anhydrous  peroxide  obtained,  by  heating  the  hydrate 
in  a  solution  of  chloride  of  calcium,  or  common  salt,  for 
several  days,  at  a  temperature  of  160^  to  180°. 

Hydrated  peroxide  of  iron  is  sensibly  soluble  in  water 
containing  carbonic  acid,  or  any  soluble  organic  salt  of 
ammonia,  such  as  are  produced  by  the  decomposition 
of  vegetable  matter.  In  the  latter  case  the  solution  is 
attended  with  a  reduction,  and  the  formation  of  a  proto- 
salt  of  the  organic  acid. 

Magnetic  Oxide  of  Iron.  This  compound,  one  of  the 
most  important  commercial  sources  of  iron,  is  formed  of 
equal  equivalents  of  the  per-  and  protoxide,  or  FeO  4- 
FeW,  or  short  Fe*0^  It  is  a  black  mineral  of  high 
lustre,  crystallising  in  the  regular  system,  the  com- 
monest forms  being  either  octahedra  or  dodecahedra, 
which  may  be  artificially  imitated  by  passing  steam 
over  iron  wire  at  a  red  heat,  when  small  brilliant  black 
octahedra  are  formed  on  the  surface  of  the  metal.  The 
natural  mineral  is  always  magnetic,  often  polar,  and 
occasionally  forms  magnets  capable  of  supporting  con- 
siderable weights.  The  two  latter  conditions  do  not 
depend  so  much  upon  purity  of  composition  as  upon 
molecular  structure,  as  they  are  best  developed,  not  in 
the  purest  crystallised  varieties,  but  rather  in  the  com- 
pact slaty  kinds,  which  often  contain  a  considerable 
amount  of  foreign,  especially  earthy,  matter. 

The  other  compounds  of  the  two  oxides  of  iron,  which 
are  formed  by  the  oxidation  of  wrought  iron  when 
heated  to  redness  in  the  air,  have  already  been  noticed 
under  the  head  of  Protoxide. 

Hydrated  Magnetic  Oxide  of  Iron.  When  freshly 
precipitated  hydrate  of  proto;xide  of  iron  is  boiled  in 
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water,  hydrogen  is  erolred,  and  a  hydrate  of  the  mag- 
netic oxide  is  formed.  According  to  Lefort,  two 
different  hydrates  may  be  obtained  by  pouring  solu- 
tions containing  both  proto-  and  persulphate  of  iron 
into  boiling  potash  or  soda  in  excess.  When  the 
salts  of  the  two  oxides  are  to  each  other  in  the  pro- 
portion of  equal  equivalents,  we  obtain  2  (FeO  +  Fe^O*) 
3  HO,  and  in  the  second  case,  where  the  persalt  is  to 
the  protosalt  as  1  to  6,  the  resulting  hydrate  is  of  the 
composition  6  FeO  -1-  Fe^O*  +  4  HO.  Similar  results 
may  be  obtained  with  cold  solutions  by  the  use  of  am- 
monia as  a  precipitant. 

Magnetic  Peroande  of  Iron,  Malaguti  states  that 
whenever  carbonate  or  any  organic  salt  of  protoxide  of 
iron  is  heated  in  the  air  until  the  acid  is  completely 
dissipated,  a  pure  peroxide  is  obtained,  which  is  always 
magnetic  ;  and  also,  that  when  the  hydrated  peroxides 
produced  by  the  spontaneous  action  of  the  air  upon 
hydrated  protoxide,  or  iron  rust,  which  processes  are 
always  accompanied  by  the  formation  of  ammonia,  are 
calcined  at  a  gentle  heat,  similar  magnetic  varieties  of 
the  peroxide  are  produced;  while,  on  the  other  hand,  the 
peroxide  produced  from  the  decomposition  of  a  persalt 
is  not  in  any  degree  magnetic,  either  before  or  aftei 
calcination. 

The  above  statements  are  disputed  by  De  Luca,  who 
supposes  that  probably  the  magnetic  effect  is  due  to  a 
small  quantity  of  protoxide,  not  altered  by  the  low 
heat  employed,  as  the  property  is  lost  when  the  oxide 
is  subjected  to  a  higher  temperature.  Probably  these 
contradictory  views  may  be  reconciled  by  assuming 
that  peroxide  of  iron  is  under  certain  conditions  slightly 
magnetic,  but  that  the  property  is  &gitive  and  may  be 
dissix>ated  by  heat. 
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It  is  not  a  little  remarkable  Aat  the  only  chemiit 
vho  has  succeeded  in  obtaining  protoxide  of  tron 
should  describe  it  as  non-magnetic.  Bammekbeig 
found  the  octahedral  peroxide  from  YesimiUy  contain- 
ing 15  per  cent,  of  magnesia,  to  be  magnetic. 

There  is  a  large  class  of  mineraLs  analogous  in  con* 
position  to  magnetite,  represented  hy  the  formnla  RO  + 
£^0',  known'  as  the  Spinel  group,  in  which  the  pro- 
toxides are  those  of  magnesium,  zinc,  iron^  ormanganese, 
and  the  peroxides  aluminaand  peroxide  of  icon*  Some 
of  these  substances  hare  been  formed  artificially,  among 
them  are,  magnetite  (FeO.  Fe'O*),  black  spinel  (MgO. 
AlW),  franklinite  (ZnO.  MnO.  Fe^O*) ;  and  magno- 
ferrite  (MgO.  Fe^O').  The  latter  substance,  artificially 
produced  by  Deyille,  has  been  described  by  Bammels- 
berg  as  occurring  in  the  products  of  the  eruption  of 
Vesuvius  in  1855. 

Ferric  Add.  This,  the  highest  known  oxide  of  iron, 
has  the  formula  FeC,  and  is  very  similar  in  its  pro- 
perties to  the  corresponding  oxide  of  manganese,  MnO', 
or  manganic  acid.  It  may  be  formed,  among  other 
methods,  by  fusing  finely  divided  iron  with  four  times 
its  weight  of  nitre,  or  by  passing  a  current  of  chlorine 
through  a  concentrated  solution  of  caustic  potash  con- 
taining peroxide  of  iron  in  suspension.  In  the  latter 
method  the  following  reaction  takes  place : — 

3  CI  +  5  KO  +  ¥^G*  =  3  KCi  +  2  KO.  FeO»; 

the  ultimate  products  being  chloride  of  potassium  and 
ferrate  of  potash.  The  latter  salt,  being  insoluble  in 
excess  of  alkali,  is  slowly  precipitated,  if  the  solution 
of  potash  be  sufficiently  strong,  as  a  black  powder, 
which  may  be  dried  on  unglazed  porcelain,  but  is 
immediately  decomposed  when  brought  into  coutor' 
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with  filtering  paper  or  any  organic  matter.  It  is 
ioluble  in  water,  giying  a  fine  red  aolntion,  which  is 
flowly  decomposed  when  eraporated,  eren  in  vacuo, 
with  the  production  of  potash,  peroxide  of  iron,  and 
oxygen.  No  one  has  as  yet  succeeded  in  isolating 
ferric  acid  from  its  potash  salt. 

Iron  and  Nitrogen.  The  effect  of  nitrogen  upon 
iron,  and  more  especially  steel,  has  attracted  the  atten- 
tion of  many  chemists,  and  several  elaborate  memoirs 
have  been  published  at  different  times  on  this  subject. 
Unfortunately,  however,  the  results  obtained  by  dif- 
ferent chemists  are  so  contradictory,  that  it  is  impossible 
at  present  to  decide  with  any  degree  of  certainty  as  to 
whether  nitrogen  plays  an  important  part  in  deter- 
mining the  good  qualities  of  steel  or  not.  All  that  will 
bo  attempted  in  this  place  will  be  to  give  a  short 
analysis  of  the  principal  researches  published  up  to  the 
present  time. 

According  to  Fremy,  when  iron  wire  is  heated  to 
dull  rodness  for  several  hours  in  a  current  of  ammonia- 
cal  gas,  it  increases  in  weight  from  12  to  13  per 
cent.,  and  shows  but  little  tendency  to  alteration  when 
exposed  to  the  action  of  the  air.  The  nature  of  this 
change  is  not  well  understood,  as  it  is  not  certain 
whether  the  product  contains  hydrogen  or  not.  A 
similar  substance  is  formed  by  acting  on  protochloride 
of  iron  with  ammonia  vapour  at  a  red  heat,  the  chloride 
being  decomposed  with  the  production  of  sal-ammoniac, 
peroxide  of  iron,  and  an  amide  salt,  which  in  its  turn 
is  destroyed  by  the  water  present,  forming  ammonia 
and  peroxide  of  ircm.  The  residue  of  the  operation  is  a 
fritted  mass,  partly  fused,  and  often  containing  a  greyish, 
brilliant,  metallic-looking  mass,  which  is  nitride  of  iron 
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This  substance  is  less  oxidisable  than  pure  iron,  and  may 
be  made  permanently  magnetic,  although  less  perfectly 
than  steel.  By  heating  in  a  brasqued  or  carbon- 
lined  crucible,  it  acquires  the  property  of  hardenin^i^ 
when  plunged  into  water  at  a  red  heat.  Although  it 
may  be  heated  to  redness  in  air  without  change,  it  is 
immediately  decomposed  when  heated  in  an  atmo- 
sphere of  hydrogen,  ammonia  and  pure  iron  being 
formed.  The  amount  of  nitrogen  absorbed  is  said  to 
be  about  9  J  per  cent.,  which  corresponds  in  composi- 
tion to  Fe^N. 

According  to  Savart,  however,  the  increase  in  weight 
of  iron  wire  exposed  to  the  action  of  ammonia  vapour 
for  nine  hours  is  only  yf  a  or  about  i  per  cent.  At 
the  end  of  one  or  two  hours  the  iron  shows  a  finely 
granular  fracture,  and  can  be  rendered  sufficiently 
hard,  by  quenching  in  cold  water,  to  give  sparks  when 
struck  with  a  flint ;  but  when  the  process  has  con- 
tinued from  eight  to  ten  hours  a  more  than  ordinarily 
soft  iron  is  obtained,  no  longer  susceptible  of  temper- 
ing, and  of  a  dark  grey  colour  and  graphitic  appear- 
ance on  a  fractured  surface.  Dick  obtained  a  similar 
small  increase  in  weight,  amounting  to  about  rhr  when 
a  spiral  iron  wire  was  heated  to  redness  in  a  current  of 
ammonia  for  one  hour  and-  a  quarter,  and  only  -^ 
when  a  straight  and  thicker  wire — that  is,  one  present- 
ing less  surface— was  substituted. 

Bonis  and  Boussingault  have  determined  the  amount 
of  nitrogen  contained  in  various  kinds  of  commercial 
iron,  as  wdil  as  in  an  artificial  nitride  prepared  by 
Despretz;  the  latter  contained  about  2§  per  cent., 
while  in  the  former  the  nitrogen  varied  from  ji^  to 
\  per  cent. 
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Iron  and  Phosphorus.  Iron  may  be  made  to  com- 
bine with  phosphorus  at  a  red  heat,  either  directly  or 
during  the  reduction  of  an  oxide  of  iron  in  the  pre- 
sence of  an  earthy  phosphate  and  carbon,  the  latter 
condition  being  of  very  common  occurrence  in  metal- 
lurgical practice.  Percy,  in  a  systematic  account  of 
the  phosphides  of  iron,  describes  no  less  than  seyen,  as 
follows : — 

1.  Fe^'P.    Formed  by  dropping  phosplionifl  on  to  red-hot  iron. 

2.  Fe»P.  „  heating  Fe»P. 

8.  Fe^P.  „  reducing  protophosphate  of  iron  with  carbon. 

4.  Fe'P.  „  exposing  iron  reduced  by  hydrogen  to  phos- 

phorus vapour  at  a  low  temperature. 

6.  Fe^F*.  „  reducing  sesquiphosphate  of  iron  with  hydro- 

gen at  a  white  heat. 

6.  Fei^F*.  „  acting  on  phosphuretted  copper  and  iron  with 

nitric  acid. 

7.  Fe'F'.  „  passing  phosphuretted   hydrogen  over  iron 

pyrites  at  a  low  heat. 

The  composition  and  properties  of  the  combinations 
of  iron  and  phosphorus  have  been  reinvestigated  by 
Freese,  who  has  arrived  at  results  {Poggendorf,  Annal- 
zen,  vol.  cxxxii.,  p.  225)  differing  in  some  particulars 
from  those  obtained  by  former  observers.  The  method 
principally  adopted  for  the  formation  of  the  phosphides, 
consisted  in  heating  metallic  iron  or  its  compounds  in 
a  current  of  phosphuretted  hydrogen,  produced  by  the 
action  of  caustic  potash  lye  upon  amorphous  phos- 
phorus; the  gas  so  obtained  not  being  subject  to  spon- 
taneous ignition  when  brought  in  contact  with  the  air. 
Berzelius's  method  of  fusing  phosphate  of  iron  with 
carbon  was  also  employed.  Freese  states  that  only 
three  definite  compounds  can  be  obtained  by  these 
means ;  they  have  the  following  atomic  and  percentage 
compositions :— • 
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Sp.  gr.      Pho^horof.         Iron* 
I.  Fe»P2.  6-04  57-68  52-47 

n.  Fe»P.  6-21  42-47  67-68 

m.  re*P.  6-74         21.68  78.82 

The  first  of  the  above  compoundB  is  produced  by  the 

action  of  phosphoretted  hydrogen  at  a  red  heat  upon 

iron  reduced  by  hydrogen ;  it  is  described  as  a  dark 

bluish-grey  non-magnetic  powder,  infusible  and  un- 

alterable    in   the  air   at  ordinary   temperatures,   but 

burning,  when  heated,  with  an  evolution  of  phosphorus, 

whereby  it  becomes  reduced  to  the  compound  Fe'P. 

It  may  also  be  formed  from  anhydrous  protocbloride 

of  iron,  or  magnetic  pyrites,  as  well  as  from  metallic 

iron.    The  phosphide  Fe^P  is  formed  by  heating  proto- 

Bulphide  of  iron,  FeS,  in  phosphuretted  hydrogen ;  it 

is  generally  similar  to  the  former  one,  but  is  somewhat 

lighter  in  colour.     When  heated  it  bums,  but  without 

giving  off  phosphorus,  and  the  resulting  phosphate 

contains   both  oxides  of  iron*      The    most   basic  of 

the  three  phosphides,  Fe^P,  is  formed  by  exposing  a 

mixture  of  3^  parts  of  phosphate  of  iron  and  1  of 

lamp-black,  under  a  covering  of  common  salt,   in   a 

crucible  to  a  white  heat  for  four  hours.     The  fused 

mass  is  afterwards  treated  with  weak  hydrochloric  acid, 

in  order  to  remove  the  salt  and  the  excess  of  xmdecom- 

posed  phosphate,  the  quantity  of  carbon  employed  being 

insufficient  to  reduce  the  whole  of  the  latter  salt,  so  as 

to  prevent  the  formation  of  carburized  iron.      The 

residue  of  this  operation  is  light  a^  grey  crystalline 

powder,  which  is  non-magnetic,  and  in  other  respects 

▼ery  like  the  higher  phosphides  previously  described. 

When  heated  in  hydrogen,  carbonic  oxide,  or  car- 
bonic acid,  none  of  the  phosphides  of  iron  show  any 
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while  still  living,  from  the  absorptioii  of  tlie  sulphate 
which  is  decomposed  by  the  phosphate  of  lime  present 
in  the  plant,  with  the  production  of  insoluble  phos* 
phate  of  iron  in  the  cells  of  the  trunk.  The  wood 
becomes  very  hard  by  this  addition,  and  when  the  tree 
is  cut  down  the  surface  of  the  stump  gradually  assumes 
a  greenish-blue  colour  by  the  absorption  of  oxygen 
irom  the  air.  The  same  mineral  is  also  common  in  the 
bones  and  teeth  of  animals  that  haye  became  imbedded 
in  peat  bogs,  either  as  a  dull  blue  incrustation  or 
occasionally  in  small  acicular  crystals  in  the  cavities, 
and  occurs  at  times  in  the  organic  remains  con- 
tained in  impervious  days.  An  example  of  this  is 
Airnidied  by  the  fossils  contained  in  the  Oxford  clay 
in  Buckinghamshire,  where  the  shells  have  at  times 
entirely  disappeared,  leaving  only  a  hollow  cast  in  the 
stiff  elay,  the  cavity  being  often  lined  with  small 
tofts  of  vivianite  and  gjrpsum,  derived  from  the  mutual 
i^eaction  of  the  products  of  decomposition  of  the  soft 
parts  of  the  animal  and  the  mineral  matter  of  the 
sheU. 

Phospiiorus  is  one  of  the  most  unwelcome  ingre- 
dients in  iron  ores,  from  the  ease  with  which  it  passes 
into  the  metal  during  the  smelting  process,  producing 
the  most  injurious  effects  if  present  in  more  than  a 
very  small  proportion. 

Wrought  iron  containing  not  more  than  t^t  per 
cent,  of  phosphorus,  is  not  sensibly  affected  in  tenacity, 
but  is  only  rendered  somewhat  harder ;  with  J  per 
oent.  it  becomes  somewhat  cold  short,  or  incapable  of 
being  wrought  cold  under  fhe  hammer  without  break- 
^^g;  with  A  per  cent,  the  cold  shortness  is  very 
decided ;  and  1  per  cent,  makes  the  metal  very  brittle 
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sign  of  fosibilify ;  but  in  air  they  are  moie  or  less 
completely  oxidized  with  the  formation  of  phospliates. 
With  the  higher  ones,  this  diange  is  only  superficial, 
the  crust  of  phosphate  protecting  the  powder  under- 
neath from  further  action  ;  but  the  lower  form,  Fe^P, 
is  completely  altered,  and  fuses  to  a  dark  crystalline 
mass,  haying  a  metallic  lustre.  The  fusibility  usually 
attributed  to  the  last-mentioned  phosphide  is,  accord- 
ing to  FreesCi  due  to  its  containing  iron  and  carbon 
as  impurities. 

When  any  phosphide  of  iron  is  heated  with  hydro- 
chloric acid  it  is  very  slowly,  but  entirely,  decomposed, 
the  phosphorus  being  partly  eyolved  as  phosphoretted 
hydrogen,  and  partly  oxidized  to  phosphoric  acid,  the 
proportion  of  the  former  to  the  latter  being  as  5  to  3 ; 
the  oxygen  and  hydrogen  in  the  two  compotmds  stand- 
ing in  the  same  atomic  relation  to  each  other,  as  they 
do  in  water. 

Phosphate  of  Iron,  Of  the  numerous  class  of  salts 
formed  by  the  oxides  of  iron  and  phosphoric  acid,  only 
one  is  of  any  great  interest,  namely,  the  natural 
mineral  known  as  Vimanite^  a  product  of  alteration  by 
partial  oxidation  of  the  tribasic  phosphate  of  the  pro- 
toxide, its  composition  being  represented  by  the  some- 
what complex  formula,  6  (3  FeO.  P0»)  +  (3  Fe*0*. 
2  PO*)  +  8  HO.  It  is  rery  commonly  formed  in  wet 
ground  from  decaying  animal  or  vegetable  matter  con- 
taining phosphates^  such  as  hard  wood,  or  more 
especially  bones  and  teeth  of  animals,  when  brought  in 
contact  with  water  containing  a  protosalt  ot  iron  in 
solution.  Beech-trees  growing  in  soils  containing  iron 
pyrites,  which  by  decomposition  yield  protosulphate  of 
iron,  often  deposit  vivianite  in  their  stems  and  roots 
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while  still  living,  from  the  absorption  of  the  sulphate 
which  is  decomposed  by  the  phosphate  of  lime  present 
in  the  plant,  with  the  production  of  insoluble  phos- 
phate of  iron  in  the  cells  of  the  trunk.  The  wood 
becomes  very  hard  by  this  addition,  and  when  the  tree 
is  cut  down  the  surface  of  the  stump  gradually  assumes 
a  greenish-blue  colour  by  the  absorption  of  oxygen 
from  the  air.  The  same  mineral  is  also  common  in  the 
bones  and  teeth  of  animals  that  have  become  imbedded 
in  peat  bogs,  either  as  a  dull  blue  incrustation  or 
occasionally  in  small  acicular  crystals  in  the  cavities, 
and  occurs  at  times  in  the  organic  remains  con- 
tained in  impervious  clays.  An  example  of  this  is 
fiimished  by  the  fossils  contained  in  the  Oxford  clay 
in  Buckinghamshire,  where  the  shells  have  at  times 
entirely  disappeared,  leaving  only  a  hollow  cast  in  the 
stiff  clay,  the  cavity  being  often  lined  with  small 
tufts  of  vivianite  and  gypsum,  derived  from  the  mutual 
reaction  of  the  products  of  decomposition  of  the  soft 
parts  of  the  animal  and  the  mineral  matter  of  the 
shell. 

Phospiiorus  is  one  of  the  most  unwelcome  ingre- 
dients in  iron  ores,  from  the  ease  with  which  it  passes 
into  the  metal  during  the  smelting  process,  producing 
the  most  injurious  effects  if  present  in  more  than  a 
very  small  proportion. 

Wrought  iron  containing  not  more  than  ^  per 
cent,  of  phosphorus,  is  not  sensibly  affected  in  tenacity, 
but  is  only  rendered  somewhat  harder ;  with  |  per 
cent,  it  becomes  somewhat  cold  short,  or  incapable  of 
being  wrought  cold  under  the  hammer  without  break- 
ing; with  A  por  cent,  the  cold  shortness  is  very 
decided ;  and  1  per  cent,  makes  the  metal  very  brittle. 
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llie  tenacity  of  cast  iron  is  also  sensibly  diminished  by 
phospliorusy  so  that  the  metal  made  from  the  worat 
kinds  of  bog  ores  cannot  be  employed  for  castings 
requiring  great  strength ;  but  this  is  counterbalanced 
by  the  properties  of  acquiring  great  fluidity,  and 
taking  good  impressions,  which  render  it  proper  to 
be  used  for  small  and  intricate  ornamental  castings. 

Arsenic  and  Iron  readily  imite,  forming  compounds 
which  may  be  subjected  to  a  high  degree  of  heat 
without  decomposition.  These  compounds  are  usually 
known  by  the  German  term,  Speiss,  and  are  of  common 
occurrence  in  the  smelting  of  arsenical  silver  and  lead 
ores  when  the  reduction  of  the  sulphide  of  lead  is 
effected  by  iron.  They  are  found  in  thin  layers 
of  a  columnar  crystalline  structure  between  the  reduced 
lead  and  the  supernatant  regulus  of  copper  and  other 
sulphides  when  the  molten  contents  of  the  Aimace  are 
allowed  to  settle  in  a  basin  after  tapping.  The  ordi- 
nary composition  of  such  a  speiss  is  represented  by 
the  formula  Fe^As. ;  when  nickel  or  cobalt  is  present 
in  the  ore  it  invariably  passes  into  it. 

Although  arsenic  and  iron  are  found  in  combina- 
tion in  a  great  variety  of  minerals  both  as  arsenides 
and  arseniates,  yet,  as  none  of  them  are  used  as  iron  ores, 
nor  do  they  as  a  rule  occur  in  any  quantity  as  acci- 
dental admixture  with  such  ores,  it  is  rarely  that 
ars^Dnio  is  found  as  an  impurity  in  the  metal.  Two 
instances  are,  however,  recorded  of  its  presence  in 
considerable  amount  in  cast  iron,  both  being  in  shot 
and  shell  of  Turkish  origin,  those  brought  from  Sinope 
containing  16*2  per  cent.,  while  of  others  found  in  the 
Arsenal  at  Algiers  on  the  French  occupation  in  1830, 
he  shells  contained  0  and  the  shot  27  per  cent.     Such 
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metal  is  yery  brittle,  white,  with  a  brilliant  radiated 
structure,  and  unfit  for  conyersion  into  malleable  iron 
by  the  puddling  process,  as  it  yields  bars  which  are 
red  short,  or  brittle  at  a  red  heat,  although  sufficiently 
tenacious  to  bear  hammering  when  cold.  A  smaller 
amount  of  arsenic  is,  howeyer,  said  to  be  beneficial  when 
the  metal  is  intended  for  chill  casting  ;  that  is,  for 
castings  whose  surfaces  are  artificially  hardened  by  the 
use  of  cold  metal  moulds. 

Sulphur  and  Iron*  The  compounds  of  sulphur  and 
iron  are  of  considerable  importance  to  the  iron  smelter, 
as  they  are  commonly  present  as  impurities  in.  many 
iron  ores,  and  impart  the  defect  of  red  shortness  to  the 
metal,  even  when  only  a  yery  small  proportion  of  sul- 
phur is  taken.  The  protosulphide,  FeS.,  corresponding 
in  composition  to  the  protoxide,  is  not  found  in  nature, 
but  may  be  readily  formed  by  dropping  sulphur  on  to 
heated  scrap  iron,  or  in  the  wet  way  by  adding  an 
alkaline  sidphide  to  the  solution  of  any  protosalt  of  iron. 
When  produced  by  the  first  method,  it  melts  easily  to  a 
dark  bronzy-black  mass,  with  a  metallic  lustre,  which 
combines  readily  with  the  sulphides  of  other  metals,  a 
property  which  is  largely  utilised  in  the  smelting  of 
copper  and  silver  ores  ;  the  so-called  matte,  coarse  metal, 
or  regulus,  is  an  example,  being  a  sulphide  of  iron  con- 
taining more  or  less  of  the  sulphides  of  the  valuable 
metals,  which  is  obtained  in  the  first  fusion,  whereby 
the  earthy  matters  in  the  ore  are  eliminated,  and 
the  metallic  contents  concentrated  for  further  treat- 
ment. 

The  protosulphide  is  but  slightly  aflfected  when 
heated  with  ordinary  reducing  agents,  such  as  carbon, 
or  even  hydrogen,  but  may  be  almost  completely  decom- 
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posed  at  a  liigli  temperature  by  oxidising  substances, 
such  as  peroxide  of  iron  or  silica,  or  by  the  action  of 
air  at  a  red  beat,  the  change  in  the  latter  case  beings 
accompanied  by  the  formation  of  various  sulphates  of 
both  protoxide  and  peroxide  ;  the  ultimate  product, 
however,  being  pure  peroxide  of  iron. 

The  persulphide  Fe^S^  may  be  formed  artificially,  but 
does  not  occur  in  nature  in  a  free  state,  although  it  is 
foimd  in  combination  with  the  sulphides  of  other 
metals,  more  especially  those  of  copper. 

Magnetic  Pyrites,  or  Pprrhotine,  6  PeS  +  PeS^  the 
most  basic  of  the  native  sulphides  of  iron,  is  a  bright 
bronze-coloured  mineral,  crystallising  in  the  rhombohe- 
dral  system,  and  remarkaUe  for  its  magnetic  properties, 
which  are,  however,  feebler  than  those  of  the  magnetic 
oxide.  It  is  occasionally  found  in  association  with  iron 
ores,  but  more  generally  with  those  of  copper  and 
nickel,  as  well  as  with  native  gold,  being  more  especially 
confined  to  crystalline  rocks. 

Bisulphide  vf  Iron,  FeS*.  This  is  the  well-known 
substance  which,  under  the  name  of  iron  pyrites,  is 
found  in  greater  or  less  quantity  in  every  member  of 
the  geological  series.  Two  principal  varieties  are  dis- 
tinguishable, namely,  ordinary  iron  pyrites,  which  is  of 
a  brassy-yellow  colour,  crystallising  in  the  cubical 
system,  and  marcasite,  or  white  iron  pyrites,  a  rhombic 
mineral,  of  a  lighter  colour,  softer,  and  more  readily 
decomposed  than  the  cubical  kind.  The  percentage 
composition  is,  iron  48,  sulph\ir  52. 

When  heated  in  close  vessels,  iron  pyrites  is  decom- 
posed with  partial  separation  of  sulphur,  which  sublimes, 
leaving  a  residue  of  proto-  or  perhaps  magnetic  sulphide. 
If,  however,  the  operation  is  conducted  with  a  free 
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aoo688of  air^  the  Bulphur  bums  to  sulphurous  acid,  caus- 
ing a  great  increase  of  temperature,  and  is  ultimately 
wholly  expelled,  leaving  peroxide  of  iron  behind,  which, 
if  the  pyrites  employed  be  sufficiently  pure,  may  be 
used  as  an  iron  ore.  The  residues  obtained  &om  pyrites 
in  BulphBric  acid  manufacture  are  so  employed  in 
Cleveland,  under  the  name  of  £/t«6£t%.  When  exposed 
to  moist  air,  iron  pyrites,  especially  the  rhombic  variety, 
is  rapidly  changed  to  protosulphate  of  iron,  and  con- 
versdy,  when  the  latter  salt  is  brought  into  contact 
with  decomposing  organic  matter  in  situations  where 
air  is  excluded,  pyrites  is  formed.  It  is  probably  in 
this  way  that  the  greater  part  of  the  pyrites  existing 
in  sedimentary  rocks  has  been  formed. 

Sulphate  ofProUmde  of  Iron.  This  salt,  well  known  by 
its  commercial  names  of  green  vitriol  or  copperas,  crystal- 
lises in  the  oblique  system,  forming  pale  green  crystals 
having  the  composition  FeO.  SO*  -f  7  HO.  Like  most 
other  salts  of  the  same  base,  it  is  very  susceptible  of 
oxidation,  changing  colour  in  the  air  even  when  crys- 
tallised, but  more  rapidly  when  in  solution,  by  the 
absorption  of  oxygen  and  the  formation  of  partly  soluble 
and  partly  insoluble  sulphates  of  the  peroxide.  These 
are  very  complex  in  composition,  and  are  described  at 
leng^  in  the  larger  chemical  text-books.  Among  them 
are  several  minerals,  such  as  coquimbite,  copiapite, 
misy,  and  others. 

Iron  and  Chlorine.  There  are  two  chlorides  of  iron, 
corresponding  in  composition  to  the  two  lower  oxides, 
or  protochloride,  FeOl,  and  perchloride,  Pe^Ol®.  The 
former  is  produced  when  metallic  iron  is  dissolved 
in  hydrochloric  acid,  and  may  be  obtained  in  a  hydrated 
form  by  concentrating  the  solution,  when  green  crystaLs 
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are  deposited.  These  are  doubly  oblique  in  form,  and 
have  the  composition  FeCl  +  4  HO. 

When  hydrochloric  acid  gas  is  passed  oyer  iron  wire 
heated  to  redness,  anhydrous  protochloride  is  formed,  and 
condenses  in  the  cooler  portion  of  the  tube  in  colourless 
cubical  crystals.  The  hydrated  perchloride  may  be 
prepared  by  boiling  the  protochloride  with  nitric  acid, 
by  dissolving  peroxide  of  iron  in  hydrochloric  acid,  or 
by  the  action  of  aqua  regia  on  metallic  iron.  The 
solution  obtained  by  either  of  the  above  methods  yields 
on  evaporation,  rhombohedral  crystals,  whose  composi- 
tion is  Fe^CP  +  6  HO. 

The  anhydrous  perchloride  is  formed  when  dry 
chlorine  is  passed  in  considerable  quantity  through  a 
porcelain  tube  containing  iron  wire  heated  to  redness. 
It  crystallises  in  hexagonal  scales,  which  deliquesce  in 
moist  air. 

When  magnetic  or  other  mixed  ores,  containing  both 
per-  and  protoxide  of  iron,  are  dissolved  in  hydrochloric 
acid,  both  chlorides  are  formed  in  the  solution,  in  the 
same  proportion  to  each  other  as  that  of  the  two  oxides 
in  the  substance  operated  upon.  This  property  is  of 
great  value  to  the  analytical  chemist,  as  by  it  he  is 
enabled  to  determine,  in  many  cases,  the  state  of  oxida- 
tion in  which  iron  exists  in  the  ore. 

Iron  and  Silicon,  Acoordiug  to  Percy,  iron  does  not 
combine  with  silicon  when  heated  with  silica  unless 
carbon  be  present.  Under  the  latter  condition, 
however,  by  reducing  an  intimate  mixture  of  per- 
oxide of  iron  and  sand  with  charcoal  in  a  wind 
furnace,  a  variety  of  cast  iron  may  be  obtained  con- 
taining as  much  as  13  per  cent,  of  silicon,  which 
is   very  hard  and  brittle.     By  effecting  the  reduc- 
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tion  at  the  high  temperature  of  a  Siemens  steel 
famace,  Biley  has  obtained  cast  iron  with  21  per  cent, 
of  silicon.  It  is  highly  crystalline,  and  silvery  white 
in  colour 

Protostlicate  of  Iron.  Protoxide  of  iron  combines 
readily  with  silica  at  the  welding  temperature  of  the 
metal.  Familiar  examples  of  this  property  are  furnished 
by  the  use  of  sand  in  the  smith's  forge  to  remove  the 
scale  formed  during  the  heating  of  the  iron;  and  also  by 
the  so-called  forge  and  mill  cinders  produced  in  the 
welding  of  malleable  iron  by  the  puddling  and  reheat- 
ing processes. 

The  whole  of  the  above  substances  are  essentially 
tribasic  silicates  of  protoxide  of  iron,  represented  by  the 
formula  3  FeO.  SiO^  containing  70  per  cent,  of  pro- 
toxide of  iron,  and  30  per  cent,  of  silica,  which  melts  at 
a  white  heat,  becoming  very  liquid,  and  crystallising  on 
cooling. 

When  formed  under  favourable  conditions  the  crystals 
are  often  very  perfect  modified  rhombic  prisms,  analo- 
gous in  form  to  those  of  olivine,  a  silicate  of  magnesia 
having  a  similar  atomic  constitution,  which  occiLrs 
^^S^y  in  volcanic  rocks,  and  also  in  meteoric  stones. 

When  heated  with  access  of  air,  protosilicate  of  iron, 
such  as  the  slag  of  the  puddling  furnace,  is  decomposed, 
the  iron  passes  in  great  part  into  the  state  of  peroxide, 
and  separates  from  the  silica,  giving  a  substance  which, 
under  the  name  of  "bull-dog,"  is  largely  used  for 
lining  the  hearths  of  puddling  furnaces.  The  refractory 
nature  of  this  product  is  due  to  the  infusible  character 
of  the  two  oxides,  and  their  inability  to  unite  and  fuse 
together  when  exposed  to  an  oxidising  atmosphere. 

By  reference  to  the  percentage   composition  given 
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kes  place  in  the  jeimt&m  at  ores  br  Ae  \ 
or  by  maJTitaniTng  the  melal  in  m  coai: 
li  as  ordinary  bar  iroHy  Ir'  a  kngtl^ 
.  AVer  temperatuie  in  ccmtact  with  c^iarcoaL 

containing  cyanogen,  or  the  Tapoor  o^  kj 

us.  The  latter  prooesSy  caDed  o^i^n :..",.. «, 

large  scale  in  the  mannfactnre  of  steeL 

i^s  has  been  already  stated  in  the  rutrc^-air^rry  5 

phs,  the  iron  of  eonunaee  is  drriied  biza 

TLy  steel,  or  cast  iron,  according  to  ih^ 

rbon  taken  np,  the  proportion  in  the  dir^rrens 
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graphitic  carbon  remams  unaltered  in  tlie  insoluble 
residue ;  but  when  the  white  variety  is  similarly  treated, 
only  a  small  portion  of  the  carbon  separates,  the  com- 
bined portion  uniting  with  the  hydrogen  evolved  from 
the  water  decomposed  during  the  solution  of  the 
metal,  and  forming  hydrocarbons  which  are  partly- 
liquid  and  partly  volatile :  the  latter  have  a  very  fetid 
smell. 

By  sudden  cooling,  as  in  the  process  of  chill  casting, 
grey  cast  iron  may  be  rendered  white :  the  effect  is 
usually  only  superficial,  the  interior  still  retaining  its 
greyness. 

According  to  Caron,  the  state  in  which  carbon  exists 
in  steel  depends  upon  the  treatment  to  which  the  metal 
has  been  subjected.  The  softer  qualities  contain  it  as 
gi*aphite,  which  is  liable  to  pass  into  combination  by 
hardening  or  hammering ;  by  annealing,  the  graphitic 
character  is  restored.  It  would  appear  from  this  that 
chill  casting  and  the  hardening  of  steel  are  probably 
due  to  the  passage  of  carbon  from  the  free  to  the  com- 
bined state. 

Much  has  been  written  at  different  times  by  numerous 
observers  on  the  probable  atomic  composition  of  the  car- 
bides of  iron,  but  great  diversity  of  opinion  still  prevails 
on  this  point.  Karsten  supposed  Spiegeleisen,  or  specular 
pig  iron,  the  most  highly  carbonised  and  crystalline 
white  metal,  to  be  a  carbide  of  the  composition  Pe*C, 
which  would  contain  6-08  per  cent,  of  carbon.  Dick, 
however,  was  tmable  to  obtain  white  iron  by  reducing 
perfectly  pure  sesquioxide  of  iron  with  an  excess  of  pure 
carbon  at  the  highest  temperature  of  an  assay  Aimace,  the 
result  being  a  grey  button  of  metal  containing  about  4| 
per  cent,  of  uncombined  carbon.     As  Spiegeleisen^  how- 
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ever,  contams  a  notable  quantity  of  mmganww,  it  k 
probably  the  latter  metal  that  influfflices  the  comhin»- 
tion  of  the  carbon,  and  that  the  carbide^  if  it  eziflt 
at  all,  may  be  lepreeented  as  (Fe]fn)Hy,  bat  its 
existence  has  not  as  yet  been  detesrmined  by  e^wri- 
ment. 

Rammelsberg  states  that  Kaistoi's  foimula  tar 
Spiegeleisen  cannot  be  established,  eren  MijUMiMM^g  the 
carbon  to  be  partly  replaced  by  rnliwin,  as  the 
largest  quantity  of  the  latter  element  is  found  in  the 
most  highly  carburetted  Yarieties ;  dins,  Musen  ^le- 
geleisen  contained  0*5  of  silicon,  that  of  Magdespnmg 
0*17  per  cent.,  and  Styrian,  with  only  from  3*75  to  4*14 
per  cent,  of  carbon,  but  O'Ol  to  0'Q27  per  cent. 

Gxurlt  has  endeayoured  to  establish  the  exKBtenoe  of 
a  lower  carbide  corresponding  to  die  formnhi  Fc^ 
which  he  supposed  to  stand  in  the  same  rdation  to 
grey,  that  Karsten's  tetracarbide,  FeH?,  does  to  white 
cast  iron.  This  compound  was  supposed  to  have  been 
found  at  Gleiwitz,  in  Silesia,  crystaUised  in  octahedim 
in  the  hollows  of  unsound  castings  made  of  dark  giey 
iron,  which  on  analysis  yielded — 

Carbon  combined  ....    2*46 
„       graphitic  ....     2*84 

Silicon 0-26 

Iron     * 94-20 


99-76 


The  formula  deduced  from  this  is  Fe^(G.Si),  the  sflieon 
taking  the  place  of  a  portion  of  the  carbon. 

lUunmelsberg,  on  the  other  hand,  states  that  these 
and  similar  crystals  from  other  localities  are  probably 
only   metallic    (malleable)    iron,   containing  variable 
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umotmts  of  impurities,  such  as  carbon,  siliooii,  phospho- 
rus, and  sulphurj  and  that  their  composition  cannot  be 
expressed  by  Gurlt's  formuht  unless  all  these  foreign 
matters  are  supposed  to  replace  a  portion  of  the  carbon. 

Kalle  mentions  a  fact  observed  by  fiichter  at  the 
Prussian  ordnance  foundry  at  Spandau,  which  appears 
to  confirm  Rammelsberg's  opinion.  When  dark  grey 
iron  was  melted  and  exposed  to  the  highest  heat 
attainable  in  a  reverberatory  fiimace,  the  amount  of 
combined  carbon  was  reduced  to  0'12  per  cent,  out  of  a 
total  of  3  per  cent.  Guns  cast  firom  this  over-heated 
metal,  which  failed  on  proof,  were  found  to  be  sensibly 
bulged  near  the  muzzle,  and  in  one  instance  the  bore 
increased  gradually,  indicating  a  decided  softness. 
Kalle  therefore  supposes  that  such  metal  may  be  con- 
sidered as  a  mixture  of  malleable  iron  and  graphite, 
the  almost  entire  separation  of  the  combined  carbon 
being  due  to  the  excessive  heating. 

Graphitic  carbon  is  found  to  a  small  extent  in  white 
iron,  as  is  seen  in  the  following  analyses  by  Bromeis 
of  oast  iron  from  Magdesprung,  in  the  Harz. 


Name. 

Combined 
Carbon. 

Oraphitio 
Carbon. 

TotaL 

1.  Bright  white  iron .    . 

2.  White  forge  pig    .    . 

3.  Spiegeleisen      .    .    . 

Per  Gent. 
2-618 
2-908 
3-100 

Per  Cent 
0-600 
0-600 
0-720 

Per  Cent. 
3-018 
3-468 
3-820 

Dark  grey  cast  iron,  in  addition  to  uncombined  car- 
bon, often  contains  silicon  in  the  same  state,  the  latter 
element  being  capable  of  assuming  a  graphitic  char 
racter.  It  occurs  more  particularly  in  the  products  of 
hot  blast  furnaces  working  in  difficultly  reducible  ores. 
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Yery  white  iron,  on  the  other  hand,  such  as  Spiegel- 
eisen,  can  only  be  produced  from  easily  reducible  ores, 
especially  those  containing  manganese. 

When  sulphur  to  the  extent  of  about  2^  per  cent,  is 
melted  with  grey  cast  iron,  a  portion  of  the  carbon 
separates  in  a  sooty  form,  and  an  intensely  hard  white 
metal  is  produced.  With  a  smaller  quantity  of  from 
^  to  i  per  cent,  a  mottled  iron  of  great  strength  is 
obtained,  which,  when  broken,  shows  a  quantity  of  grey 
spots,  ^iclosed  by  reticulating  lines  of  white,  on  the 
fractured  surface.  The  well-known  Swedish  gun- 
foundry  iron  is  of  this  character,  a  small  portion  of 
sulphur  being  introduced  by  the  use  of  an  ore  containing 
a  little  iron  pyrites,  and  admixture  with  the  ordinary 
charge  of  the  blast  furnace. 

The  method  of  imparting  carbon  to  malleable  iron 
so  as  to  form  compounds  less  highly  carburetted  than 
cast  iron,  by  ^posing  it,  at  a  temperature  below  its 
melting  point,  to  the  long-continued  action  of  charcoal, 
is  called  cementation,  and  the  product  of  the  operation 
is  known  as  cement  or  blister  steel.  A  ainular  effect  is 
produced  more  rapidly  when  the  iron  is  heated  in  coal 
gas,  or  the  yapour  of  a  volatile  hydrocarbon,  such  as 
paraffine,  instead  of  charcoal.  The  superficial  cementa- 
tion of  wrought  iron  by  heating  it  for  a  short  time  in 
contact  with  carbonised  leather  or  cyanogen  compounds 
is  termed  case  hardening. 

The  exact  cause  of  the  change  effected  in  bar  iron 
by  cementation  has  not  been  conclusively  determined, 
and  has  recently  been  the  subject  of  a  long- continued 
controversy  between  two  French  chemists,  Messrs. 
Fremy  and  Garon,  in  tine  proceedings  of  the  Academy 
of  Sciences  at  Paris,  the  essential  point  in  dispute  being 
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the  necessity  or  otherwise  of  nitrogen  for  the  production 
of  steel.  Fremy  considers  that  cast  iron  and  steel  are 
not  simply  compounds  of  iron  and  carbon,  but  that  the 
presence  of  other  elements  is  necessary,  such  as  sul- 
phur,  phosphorus,  silicon,  arsenic,  and  nitrogen,  but 
more  especially  the  latter.  The  following  extraordi- 
nary analysis,  said  to  be  of  a  first  class  razor  blade 
made  from  Dannemora  irou.  is  quoted  in  support  of 
this  view : — 


Carbon. 

Sulphur 

Silicon . 

Antimony 

Aisenio 

Phosphorus 

ISTickel  . 

Manganese 

Iron 


I. 

II. 

.     1-43     . 

.     0-087 

.     100     . 

.     0-220 

.     0-52    . 

.     0-115 

.     0-12 

— 

.     0-93     . 

.    trace 

•      ■"""      • 

.     0-034 

.     0-18 

— 

.     1-92 

.  93-80     . 

.  99-544 

99-90 


100-00 


Analysis  II.  of  Dannemora  iron  by-Henry  is  sufficient 
to  show  that  the  steel  in  question  could  not  have  been 
produced  by  the  ordinary  processes  of  steel  manufacture. 

The  general  classification  of  commercial  iron  according 
to  Fremy's  hypothesis  is  as  follows : — 

1.  Wrought  iron  is  more  or  less  pure  iron,  the  softest 
kinds  being  the  purest. 

2.  Oast  iron  is  iron  combined  with  more  or  less  of 
carbon,  part  of  which  may  be  replaced  by  silicon. 

3.  Steel  is  a  ternary  compound  of  iron,  carbon,  and 
nitrogen,  or  nitro-carburetted  iron. 

Garon,  on  the  other  hand,  while  admitting  the  yalue 
of  nitrogen  in  facilitating  the  conversion  of  malleable 
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iron  into  steel,  is  not  disposed  to  consider  it  as  an 

tial  ingredient  on  account  of  the  yeiyamaU  anumnt 

that  can  be  discoyered  in  steel  by  analysis. 

The  contradictory  results  obtained  by  different  che> 
mists  who  haye  attempted  to  form  nitrides  of  iron  haye 
already  been  noticed  at  p.  28. 

Dick  found  that  electrotype  iron  was  more  readily 
conyerted  into  steel  by  cementation  in  an  atmosphere 
of  hydrogen  than  the  best  sheet  iron,  a  fiict  that  bears 
heayily  against  Fremy's  yiew,  as  the  metal  was  remark- 
able for  softness  and  parity,  and  was  firee  from  nitrogen. 

Marguerite,  in  a  recent  article,  states  that  steel  is 
formed  when  iron  is  heated  with  diamond  dust  in 
hydrogen,  or  alone  in  carbonic  oxide.  In  the  latter 
case  carbon  separates  from  the  gas  and  is  taken  up  by 
the  metal,  and  carbonic  acid  is  produced.  Whensilioon 
is  present  it  is  oxidised  to  silica  at  the  expense  of  the 
carbonic  oxide,  also  with  a  separation  of  carbon. 

A  new  theory  of  cementation  has  recently  been  pro- 
pounded by  Graham,  founded  upon  the  property  pos- 
sessed by  iron  of  dissolying  carbonic  oxide  at  low  tem- 
peratures. 

Ab  the  case  stands  at  present,  the  weight  of  eyidence 
is  certainly  against  the  necessity  of  the  existence  of 
nitrogen  in  steel,  and  it  is  most  likely  that  the  older 
yiew  of  Earsten,  that  its  essential  quaUties  aie  due  to 
yariations  in  the  amount  of  carbon,  is  in  the  main 
correct,  although  they  may  be  modified  by  the  presence 
of  other  elements. 

From  what  has  been  preyiously  adyanced  as  to  the 
composition  of  cast  iron,  the  following  propositions  may 
be  deduced : — 

1.  The  greater  part  of  the  carbon  is  in  white  cast 
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iron  ohemically    combmed,   and  in  grey  diflusisd  as 
graphite. 

2.  Neither  yariety  is,  however,  entirely  free  from 
graphitic  or  combined  carbon  req)ectiyely. 

3.  Although  containing  carbon  in  chemical  com- 
bination, there  is  no  certain  evidence  of  the  existence  of 
any  defined  carbide  in  white  iron,  but  Spiegeleisen 
may  possibly  be  a  double  carbide  of  iron  and  man- 
ganese. 

4.  Dark  grey  iron  is  not  a  lower  carbide  of  iron  than 
Spiegeleisen,  but  is  probably  only  a  mixture  of  malle- 
able iron  and  sraphite,  and  its  chemically  combined 
carbon  nu.y  beSLd  toanunin^un.  byinlLeheating 
when  melted. 

5.  Silicon  is  a  common  constituent  of  grey  cast  iron. 

6.  OhiU  casting,  and  the  addition  of  sulphur,  tend 
to  produce  whiteness  in  grey  cast  iron,  and  a  similar 
change  may  be  effected  in  steel  by  hardening  or  forging. 

The  combination  of  mechanical  with  chemical  analy- 
sis has  been  recently  applied  to  the  investigation 
of  the  composition  of  cast  iron  by  Mr.  Gt.  J.  Snelus,  of 
Dowlais.  He  found  that  when  very  grey  pig  iron  wae 
reduced  to  a  coarse  powder  in  a  steel  mortar,  scales  of 
graphite  were  removed  from  the  crystalline  facets  of 
the  iron,  and  these,  when  subjected  to  combustion,  were 
entirely  converted  into  carbonic  acid  without  leaving 
any  residue,  proving  them  to  be  even  purer  than 
natural  graphite.  A  large  proportion  of  the  gra- 
phitic carbon  can  also  be  separated  when  borings  of 
grey  pig  iron  are  sifted  through  fine  silk  gauze,  or  levi- 
gated with  water;  the  finer  and  lighter  portions  in 
each  instance  retaining  the  largest  amount  of  carbon,  as 
shown  in  the  following  percentage  determinations. 
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•     • 


8.  Cleyeland  forge  pig  . 


Original  Carlxm. 


Fine  Ujrfct 

Biftmgi.  WMctUng*.! 


rOfaphitio  .  .  3'34 

\  ( 'ombihed  .  .     — 

( Graphitic  .  .8*19 

\  Combined  .  .  0*20 
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7-79 
0  17 
7-02 
0-30 


28-41 
21-27 
41-33 


These  results  show  clearly  that  in  grey  pig  iron  the 
free  or  graphitic  carbon  can  be  more  or  less  perfectly 
separated  by  mechanical  means,  while  the  combined 
carbon  decreases  in  the  same  ratio  as  the  residual  iron. 
On  the  other  hand,  no  separation  of  silicon  could  be 
effected  by  this  method ;  for  instead  of  increasing  in 
the  finer  and  lighter  portions,  as  the  graphite  does,  it 
actually  decreases  with  the  increase  of  the  latter,  thus 
proving  that  even  in  the  most  highly  siliciferous 
pigs  the  whole  of  the  silicon  is  in  the  state  of  com<* 
bination. 

0/  the  in/luenee  of  other  Metals  on  Iron,  Alloys  of 
Iron,  Iron  alloys  with  great  diflGiculty  with  the  com- 
moner heavy  metals,  but  more  readily  with  gold,  and 
those  of  the  platinum  group.  None  of  these  alloys 
have  as  yet  been  economically  applied  to  any  extent. 
The  following  remarks  are  chiefly  from  Guettier : — 

Copper  and  Iron  may  be  melted  together  in  almost 
all  proportions,  but  it  appears  to  be  doubtful  whether  any 
homogeneous  alloys  can  be  produced.  A  small  quan- 
tity of  iron  added  to  bronze  or  brass  causes  a  considerable 
increase  in  tenacity.  Malleable  iron  or  steel  containing 
copper  to  the  extent  of  0*45  or  0*5  per  cent,  shows 
symptoms  of  red  shortness,  which  become  decided  with 
a  larger  quantity. 

Zinc  and  Iron  do  not  form  any  useful  alloy ;  about 
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7  per  cent,  of  the  latter  metal  may  be  taken  up  irlien 
zinc  ifl  kept  melted  in  cast-iron  pots,  or  when  its  vapour 
is  passed  through  wrought-iron  tubes.  The  former  con- 
dition prevails  in  the  process  called  galvanising^  or  the 
zincing  of  sheet  iron  by  immersion  in  melted  zinc. 
The  cast-iron  pots  used  for  holding  the  molten  metal, 
where  exposed  to  the  greatest  heat,  are  slowly  corroded 
with  the  formation  of  an  alloy  which  does  not  differ 
much  in  appearance  from  metallic  zinc.  The  formation 
of  this  substance  is  a  source  of  considerable  loss  in  the 
manufacture,  but  may  be  prevented  by  filling  the  pot 
to  a  certain  height  with  melted  lead,  upon  which  the 
zinc  floats,  and  only  comes  in  contact  with  iron  at  a 
temperature  below  that  necessary  for  combination. 

Tin  and  Iron.  These  metals  unite  in  almost  every  pro- 
portion, but  their  alloys  are  not  employed  as  such  in  the 
arts.  When  appKed  in  a  similar  manner,  however,  to  zinc 
in  the  galvanising  process — ^that  is,  when  sheet  iron  is 
immersed  in  a  bath  of  melted  tin — ^ihe  well-known 
tin-plate  is  produced.  An  inferior  variety,  coated  with  an 
alloy  of  tin  and  lead,  is  called  teme-plate.  Malleable 
iron  containing  0*5  per  cent,  of  tin  is  hard,  but  cannot  be 
hammered  cold,  and  welds  with  difliculty.  Cast  iron 
with  about  5  per  cent,  of  tin  is  hard,  and  breaks  with 
a  fine  steely  fracture :  it  has  been  tried  as  an  alloy  for 
casting  bells.  Tin  with  2  per  cent,  of  iron  is  magnetic, 
sensibly  dtdler  in  lustre  than  the  pure  metal,  and  hard 
and  short  in  fracture. 

An  alloy  of  10  parts  of  iron  with  60  or  80  of  tin  is 
recommended  for  use  in  tinning  copper  utensils,  in  pre- 
ference to  pure  tin. 

Iron  and  lead  cannot  be  made  to  imite  with  each 
other  by  fusion. 
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Antimony,  when  present  in  yery  small  quantity,  from 
01  to  0'3  per  cent.,  acts  veiy  injuriously  upon  mal- 
leable iron,  rendering  it  in  the  Iiighest  degree  both  hot 
and  cold  short.  The  so-called  mar/tia/  regulus,  containing 
7  parts  of  antimony  to  1  of  iron,  is  recommended  for 
producing  casts  of  medallions  and  other  relief  im- 
pressions in  preference  to  cast  iron. 

Nickel  alloys  readily  with  iron  without  affecting  its 
malleability ;  this  is  exemplified  in  meteoric  iron  masses, 
which  contain  a  considerable  quantity  of  the  former 
metal,  and  have  occasionally  been  used  for  the  manu^- 
ture  of  kniyes  by  sayages.  A  horse-shoe  made  from 
the  great  Australian  meteorite  was  exhibited  at  Ken- 
sington in  1862,  and  is  now  in  the  Museum  of  Prac- 
tical Geology.  The  mass  frt>m  which  it  was  taken,  weigh- 
ing 3|  tons,  has  been  giyen  to  the  British  Museum. 

Cobalt  is  said' to-  increase  the  whiteness  and  brilliancy 
of  iron,  but  has  no  marked  effect  upon  its  physical 
properties.  Chromium  acts  in  a  similar  manner,  but 
also  communicates  hardness  and  brittleness.  Steel 
containing  1*2  per  cent,  of  chromium  giyes  a  beautiful 
damask  surface  when  etched  by  sulphuric  acid. 

Silver  and  iron  do  not  alloy,  a  separation  of  the 
two  metals  being  apparent  when  steel  is  melted  with 
as  little  as  0*5  per  cent,  of  silyer.  It  is  different, 
howeyer,  with  gold,  which  is  readily  taken  up  under 
aimilar  conditions.  This  property  was  formerly  applied 
in  the  treatment  of  auriferous  sands  in  Russia ;  the 
concentrated  black  sand  from  the  first  washing,  con- 
sisting principally  of  magnetic  iron  ore  and  gold, 
liaying  been  smelted  with  charcoal  in  small  blast  frir< 
uaces  for  pig  iron,  from  which  the  gold  was  afterwards 
extracted  by  the  action  of  sulphuric  acidl 
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Faraday  and  Stodart  found  that  platinum  alloyed 
readily  with  steel,  and  produced  a  very  tough  and  iine- 
graiued  product  when  present  to  the  extent 'of  1  per 
cent.  Similar  results  were  obtained  with  the  other 
metals  of  the  same  group,  palladium,  rhodium,  and 
osmiridium.  Aa,  however,  these  metals  are  rare  and 
high  priced,  it  is  not  probable  that  these  alloys  could 
be  introduced  on  a  practical  scale. 

Tungsten  has  the  property  of  rendering  cast  steel 
very  hard  and  tenacious.  According  to  Bemouilli, 
when  an  intimate  mixture  of  finely  divided  grey  cast 
iron  and  tungstic  acid  is  heated  to  a  very  high  tem- 
perature, the  graphitic  carbon  is  burnt  by  the  oxygen 
of  the  timgstio  acid,  and  steel  is  formed,  which  alloys 
with  the  reduced  tungsten.  No  diminution  in  the 
amount  of  carbon  was,  however,  perceived  when  the 
experiment  was  repeated  with  Spiegeleisen,  or  ordinary 
white  cast  iron,  carbon  in  the  combined  form  being 
apparently  unable  to  effect  the  reduction  of  the  tung- 
stic acid.  Siewert  examined  six  samples  of  so-called 
tungsten  steel:  four  of  them  contained  from  1  to  3 
per  cent,  of  tungsten,  while  none  was  found  in  the 
other  two. 

Vanadium  was  found  in  minute  quantities  by  Sefstrom 
in  iron  made  from  the  magnetic  ore  of  Taberg,  in. 
Sweden,  which  is  noted  for  its  yielding  a  first-rate  iron 
for  wire-drawing.  More  recently  Riley  has  detected 
the  same  substance  in  pig  iron  made  from  oolitic  brown 
hematite  at  Westbury,  in  Wiltshire.  It  has  also  been 
found  in  different  varieties  of  oolitic  iron  ores  in  other 
places,  such  as  the  Bohnerz,  or  pisolitic  ore,  of  South- 
Western  Germany,  and  the  Cleveland  ores. 

The  iron  made  from  these  ores  in  the  Bernese  Jura 
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contains  an  appreciable  quantity  of  vanadium,  and  is 
also  in  repute  for  wire-drawing,  haying  been  specially 
selected  for  use  in  tbe  great  wire  bridges  at  Fribourg, 
in  Switzerland. 

Titanium  may  be  present  in  pig  iron  to  the  extent  of 
about  1  per  cent,  when  a  proportion  of  titaniferous  ore 
is  added  to  the  charge.  It  increases  the  strength  of  the 
metal,  at  the  same  time  giving  it  a  peculiar  mottled 
character,  the  fractured  surface  showing  a  series  of  dull 
dark  grey  patches  set  in  a  white  network.  It  is  doubt- 
ful whether  any  portion  of  the  titanium  is  retained  iu 
the  bar  iron  or  steel  made  from  such  pig  iron,  so  that 
the  improvement  attributed  to  the  use  of  titaniferous 
ore  is  probably  due  to  isome  indirect  action  rather 
than  to  the  actual  presence  of  titanium  in  the  finished 
product.  The  evidence  on  this  point  is  not  sufficiently 
clear  to  allow  of  any  positive  conclusion  being  lormeJ. 
Ores  containing  more  than  8  per  cent,  of  tiluuic  acid 
are  very  refractory,  and  difficult  to  smelt. 


CHAPTER  III. 

COMPOSITION    AND   DISTTRIBUTION   OF    IRON   OUKS. 

Among  the  numerous  minerals  containing  iron,  only 
the  oxides  and  carbonates  can  be  used  by  the  smelter. 
They  are  as  follows : — 

1.  Magnetic  Iron  Ore,  or  Magnetite,  crystallises  in  the 
cubical  system,  usually  in  octahedra  or  rhombic  dode- 
cahedrons, but  more  generally  massive,  varying  in 
texture  in  the  fracture  from  coarsely  crystalline  to  finely 
granular,  or  even  massive.  Colour  black,  with  occa- 
sionally a  slight  greenish  or  brown  cast.  Streak  black. 
Magnetic,  and  sometimes  polar.     Specific  gravity  5-2. 
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Cumposition,  FeO  +*  Fe*0',  containing  72-41  per  cent, 
of  iron. 

2.  Ftanklinite.  Cubical,  crystallising  in  octahedra ; 
also  massive ;  very  similar  in  colour  and  general  appear- 
ance to  magnetite,  but  less  magnetic,  and  gives  a  dark 
reddish-brown  streak.  Specific  gravity,  5-1.  Compo- 
sition, 3  (FeO.  ZnO.  MnO)  +  (Fe^Ol  Mn^O^).  The 
average  of  several  analyses  by  Rammelsberg  gives — 

Iron  .  ,  .  -.  45*16 
Manganese  .  .  .  9*38 
Zinc  ....  20-30 
Oxygen  .         .25-16 

100-00 

,  It  is  a  rare  substance,  being  found  only  at  two  or  three 
localities  in  New  Jersey,  where  it  occurs  in  metamorphic 
Silurian  limestone  as  a  bed  from  20  to  30  feet  thick, 
overlaid  by  from  6  to  8  feet  of  red  zinc  ore.  Both 
minerals  are  first  treated  for  zinc,  and  the  residues  are 
then  smelted  for  Spiegeleisen. 

3.  Hematite,  Ehombohedral,  crystallising  usually  in 
highly  modified  rhombohedral  or  scalenohedral  forms ; 
combines  with  the  terminal  plane  of  the  prism ;  the 
latter,  by  its  prominence,  usually  giving  a  tabular  form 
to  the  crystals.  Also  in  fibrous,  columnar,  botryoidal, 
granular,  pisolitic,  and  compact  forms.  Colour  varies 
from  brilliant  bluish  grey  in  the  crystallised,  to  a  deep 
red  in  the  compact,  varieties ;  the  streak  is  red  in  all 
cases.  Specific  gravity,  5*3  for  crystallised,  down  to 
4*2  in  some  earthy  varieties.  Sometimes  very  slightly 
magnetic.  Composition,  Fe^O^,  with  70  per  cent,  of 
iron.  Special  names  are  given  to  the  difierent  varieties 
as  follows : — 
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Specular  Iron  Ore,  Oliffiste,  or  Iron  Olanee,  indnder 
the  brilliant,  hard,  well-crystallised  forms,  such  wi 
those  of  Elba,  Brazil,  Yesuvius,  &c. 

Micaceous  Iron  Ore  includes  all  the  scaly  crystalline 
varieties,  such  as  tBose  of  South  Deyon,  which  are 
loosely  coherent,  and  similar  to  graphite  in  structure. 

Kidney  Ore,  or  JRother  Qladccpf,  includes  the  hard  bo- 
tryoidal  forms,  such  as  those  of  Cumberland,  which  are 
devoid  of  metaUic  lustre. 

Hed  Ochre  and  Iron  Minium  are  compact  earthy 
varieties,  often  containing  clay,  which  are  ground  and 
used  as  colours. 

Puddler*8  Ore  is  a  peculiar,  unctuous,  compact  form, 
from  Cumberland,  which  is  largely  used  for  lining  the 
hearths  of  puddling  fiimaces. 

The  term,  BedSenuUite,  is  commonly  used  by  English 
iron-smelters  for  all  minerals  consisting  essentially  of 
anhydrous  peroxide  of  iron. 

limenite,  or  Titaniferous  Iron  Ore,  Bhombohedral,  the 
crystals  being  similar  in  general  appearance  to  those  of 
hematite ;  they  are,  however,  rare,  the  mineral  being 
usually  found  massive.  Colour  dead  black,  with  a 
brownish  streak ;  fracture  conchoidal.  Specific  gravity, 
from  4*5  to  5.  Contains  proto-  and  peroxide  of  iron, 
titanic  acid,  and  magnesia  in  very  variable  proportions. 
The  following  types  of  composition  have  been  established 
by  fiammelsberg : — 

I.  FeO.  TiO^  containing  62-63  titanic  acid,  and  4737 
protoxide  of  iron. 

n.  Feb.  TiO*  +  MgO.  TiO',  containing  5882  tita- 
nio  acid^  26*47  protoxide  of  iron,  and  14*71  mag- 
nesia. 

m.  mFeO.  TiO*  +  «FeW,  or  isomorphous  mixtures 
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of  titanate  of  protoxide  of  iron  with  peroxide  in  inde- 
finite proportions,  the  observed  limits  being — 

9  FeO.  TiO»  +  Fe*0»  and 
FeO.  TiO*  +  13  Fe'O*. 

the  former  containing  47*12  and  "the  latter  only  3'6£ 
per  cent,  of  titanic  acid.  Magnesia  appears  to  be  very 
generally  present. 

Oothite.  This  includes  all  the  crystallised  varieties  of 
hydrated  peroxide  of  iron.  The  primary  form  is  a 
rhombic  prism,  but  the  crystals  are  often  fibrous  or 
scaly.  Specific  gravity,  4  to  4'4.  Colour  varies  from 
rust-yellow  to  a  rich  reddish  brown,  or  more  rarely 
nearly  black.  The  surfaces  of  fibrous  aggregates  often 
have  a  peculiar  velvety  lustre.  Streak  brown.  Com- 
position, Fe^O^  +  HO,  or  monohydrated  sesquioxide  of 
iron,  with  90*5  per  cent,  of  peroxide,  or  63*0  per  cent, 
of  metallic  iron,  and  10-5  p^r  cent,  of  water.  Lepido- 
crocite  and  Stilpnosiderite  are  particular  fibrous  and 
scaly  varieties  of  the  same  mineral. 

Broim  Iron  Ore,  This  term  is  used  to  designate  the 
compact  and  earthy  minerals  that  consist  essentially  of 
three  equivalents  of  water  united  to  two  of  peroxide  of 
iron,  or  2  Fe^O^  +  3  HO ;  the  percentage  composition, 
corresponding  to  the  formula,  being — peroxide  of  iron 
85*6  (metallic  iron  69*9),  and  water  14-4.  They  are 
mostly  dull  in  lustre,  varying  in  colour  from  light 
imiber  brown  to  nearly  black.  Specific  gravity,  3*6  to  4. 
Streak  yellowish  brown. 

Both  hydrates  of  peroxide  of  iron  are  usually  included 
in  the  smelter's  term  brown  hematite,  signifying  minerals 
which,  although  resembling  hematite  proper  in  outward 
appearance,  can  readily  be  distinguished  by  their  brown 
streak.  In  Stafibrdshire,  the  term  hydrate  of  iron  is  some- 
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timeB  used.  Bog  iron  ores,  and  those  deposited  in  the 
beds  of  lakes  by  infiisorial  action,  belong  to  the  same 
class. 

Siderite.  This  is  the  mineralogical  name  of  carbo- 
nate of  protoxide  of  iron,  which  crystallises  in  the  rhom- 
bobedral  system.  The  commonest  forms  are  rhombo- 
hedra ;  hexagonal  prisms,  and  scalenohedra,  being  less 
frequent.  In  a  massive  form,  it  occurs  in  isolated  nodules, 
or  occasionally  in  connected  beds.  Specific  gravity, 
3'7  to  3*9.  Lustre  of  crystals  pearly ;  colour  usually 
some  shades  of  yellowish  brown  or  grey,  owing  to  the 
formation  of  a  superficial  coating  of  hydrated  peroxide ; 
the  streak  is  white,  representing  the  true  colour  of  the 
unaltered  mineraL  Composition,  FeO.  CO^,  with  62*07 
per  cent,  of  protoxide  of  iron  (48*22  metallic  iron),  and 
37*93  per  cent,  of  carbonic  acid.  A  portion  of  the  base 
is,  however,  almost  invariably  replaced  by  protoxide  of 
manganese,  lime,  or  magnesia,  the  former  oxide  varying 
in  quantity  from  0  to  59  per  cent,  in  different  varieties. 

The  purer  crystalline  varieties  are  called  spathic  ores 
by  the  smelter ;  while  the  term  clay  band,  or  clat/  iron" 
stone,  is  applied  to  the  amorphous  argillaceous  ore  foimd 
in  the  coal  measures,  and  black  band  to  that  contain- 
ing bituminous  or  carbonaceous  matter.  On  the  Con- 
tinent, nodular  clay  ironstone  is  usually  called  sphero- 
siderite;  but  this  term  more  properly  belongs  to  the 
spheroidal  crystalline  masses  of  radiating  structure, 
occasionally  found  in  basalt  and  other  igneous  rocks. 

The  septaria,  or  cement-stone  nodules,  found  in  the 

London  clay,  may  be  regarded  as  clay  ironstones  in 

which  the  protoxide  of  iron  is  in  great  part  replaced 

by  lime :  such  ores  as  are  too  poor  to  smelt  are  known 

as  lean  ironstones. 
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Association  and  Distribution  of  Iron  Ores.   The  dofi- 
nitions  of  iron  ores  given  in  the  preceding  paragraphs 
are  mineralogical ;  that  is,  they  present  the  physical 
and  chemical  characteristics  of  iron-producing  minerals 
when  at  a  maximum  of  purity.     Practically,  however, 
no  such  pure  minerals  are  to  be  found  on  the  large 
scale,  and  it  therefore  becomes  necessary  to  consider  the 
manner  in  which  iron  ores  and  other  minerals  are  asso- 
ciated together.     The  presence  of  foreign  minerals  is 
often  as  largely  concerned  in  determining  whether  an 
ore  can  be  worked  to  profit  or  otherwise,  as  its  rich- 
ness in  iron.     Thus,  a  magnetite  or  hematite  deposit, 
containing  10  per  cent,  of  phosphate  of  lime  or  iron 
pyrites,  would  be  almost  useless ;  while  the  same  amount 
of  manganese  in  a  spathic,  or  of  combustible  matter  in 
an  argillaceous  carbonate,  would  considerably  enhance 
their  respective  values.     We  shall  next  proceed,  there- 
fore, to  illustrate  these  associations  by  describing  some 
of  the  more  typical  iron-mining  localities,  accompany- 
ing the  descriptions  with    analyses  of  the  minerals 
actually  raised. 

The  geological  distribution  of  iron  ores  is  very  un- 
equal ;  for,  although  they  are  found  in  formations  of  all 
ages,  the  maximum  development  appears  to  be  in  the 
older  rocks.  The  largest  and  richest  deposits  are  con- 
tained in  pre-Silurian  strata,  such  as  the  Laurentian 
and  Huronian  series  of  North  America,  and  the  old 
gneiss  and  schists  of  Scandinavia.  Spathic  ores  are 
characteristically  abundant  in  the  Devonian  rockb  of 
Germany  and  the  south  of  England,  being  associated 
in  the  former  locality  with  red  and  brown  hematites  of  a 
high  class.  The  carboniferous  period  is  especially 
marked  by  the  presence  of  interstratified  argillaceous 
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carbonates  both  in  Europe  and  America.  The  most 
important  deposits  of  red  hematite  in  this  ooontiy  are 
of  Permian  age,  and  are  contained  in  hollows  of  the 
carboniferous  limestone  of  Cumberland  and  Lancashire. 
In  the  secondary  rocks  the  chief  iron-bearing  members 
are  the  middle  lias,  or  marlstone,  great  oolite,  wealden, 
and  lower  green  sand,  yielding  brown  hematiteB  and 
carbonates  which,  though  of  low  quality,  are  of  con- 
siderable importance,  owing  to  the  ease  with  which  they 
may  be  mined.  In  France  and  Southern  Gennany  large 
quantities  of  bean  ore,  an  argillaceous  brown  hematite, 
are  raised  from  pipes  and  other  irr^^ular  deposits  in  the 
oolitic  rocks.  The  tertiary  rocks  of  this  country  contain 
very  little  iron  ore,  the  principal  deposit  being  at  Hen- 
gistbury  Head,  in  Dorsetshire;  but  on  the  Continent 
the  magnificent  masses  of  Elba  and  Traversella  may, 
perhaps,  be  of  tertiary  age. 

Of  post-tertiary  and  recent  age  are  the  numerous 
masses  of  bog  iron  ore  studded  oyer  the  swamps  of 
Northern  Germany,  and  the  lake  ores  which  are  con- 
stantly forming  by  infiisorial  agency  at  the  bottom  of 
the  lakes  of  Norway,  Sweden,  and  Finland. 

Magnetic  Ores.  When  massiye,  these  ores  usually  in- 
dicate an  excess  of  peroiide  oyer  that  required  by  the 
formula.  They  are  chiefly  confined  to  the  older  crystal- 
line rocks  of  Scandinavia  and  North  America,  and 
appear  under  two  principal  conditions:  either  inter- 
stratified  in  irregular  beds  or  tabular  masses  in  hom- 
blendic  and  cidoritic  schists  and  crystalline  limestones, 
or  irregular  ramifying  veins  and  masses  in  dioritic  or 
doleritic  rocks.  The  associated  minerals  are  usually 
chlorite,  hornblende,  epidote,  garnet,  idocrase,  phos- 
phate of  lime,  quartz,  felspars,  iron  and  copper  pyrites. 
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lievrite,  hematite,  and  brown  iron  ores.  ITie  latter 
are  found  chiefly  near  the  surface,  and  occasionally 
beautifully  crystallised  in  transverse  veins.  In  tho 
Swedish  and  Norwegian  mines  the  ore  is  very  com- 
monly intersected  by  small  strings  of  chlorite  called 
skolar.  Iron  pyrites  may  be  either  disseminated  in 
considerable  quantity  through  the  ore,  which  in  such 
cases  it  generally  renders  useless,  or  interspersed  in 
small  patches  in  the  neighbourhood  of  veins  of  intrusive 
rock,  such  as  granite.  Sometimes  the  centre  of  a  mass 
may  be  pure  magnetite,  passing  at  either  side  into 
copper  and  iron  pyrites.  The  texture  of  massive  mag- 
netite appears  to  vary  with  the  containing  rock ;  the 
most  compact,  having  sometimes  a  nearly  conchoidal 
fracture,  are  found  in  talcose  schist,  while  the  more 
granular  and  crystalline  conditions  prevail  in  hom- 
blendic  gneiss  and  crystalline  limestones. 

In  the  oldest  or  Laurentian  rocks  of  Canada  mag- 
netite is  found  abundantly  in  the  gneiss  and  meta- 
morphic  limestones  of  the  basin  of  the  Ottawa.  The 
usual  form  of  deposit  is  in  irregular  beds,  which,  al- 
though not  of  any  great  lateral  extent/  are  often  of 
considerable  thickness,  in  one  instance  as  much  as  200 
feet.  These  ores  are  usually  of  a  very  high  quality, 
the  associated  minerals  being  chiefly  quartz,  hornblende, 
chlorite,  serpentine,  dolomite,  and  graphite,  but  have 
hitherto  only  been  raised  in  inconsiderable  quantities. 

The  largest  deposit  of  iron  ore  in  Europe  is  probably 
that  of  Gellivara,  in  Swedish  Lapland,  which  is  situated 
about  ninety  miles  from  the  head  of  the  Ghilf  of  Bothnia, 
in  lat.  67^  H" .  According  to  the  descriptions  of  Erd- 
mann  and  others,  it  forms  a  bold  hill  rising  out  of 
swampy  groimd,  made  up  of  a  great  number  of  parallel 
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interlaminationitf  of  magnetic  and  specular  iron  0ra» 
with  homblendic  and  qnartzoee  rocka.  Several  of  these 
beds  are  between  100  and  200  feet  in  thickneB«y  and 
may  be  traced  for  distances  of  600  and  700  jaids  in  a 
N.£.  and  S.  W.  direction.  Phosphate  of  lime  is  present 
in  the  largest,  or  200-feet  bed,  through  about  80  ket 
of  its  thickness,  the  remaining  120  feet  being  of  good 
quality.  Iron  pyrites  appears  to  be  almost  entirely 
absent.  The  following  analyses  of  G^eUivara  ores  are 
by  Binman : — 


L 

n. 

ni. 

TV.      \ 

Silica           .... 

210 

3-20 

310 

5-95 

AlmninA      .... 

0*70 

0'S5 

0-85 

1-05 

Lime            .... 

2-10 

0-4i{ 

2'Z5 

2-40 

Hagnesxa     .... 

0-70 

1-30 

0-60 

2-50 

Glucma        .... 

— 

— . 

0-10 

«. 

Magnetic  oxide  of  iron 

9210 

9345 

90-65 

87-80 

Fhoephoiic  add  . 

1-70 

0-46 

1-17 

0-09 

99-40 

99-70 

9882 

9979 

Metallic  iron 

67S 

67-7 

65-6 

63-5 

m 

Although  these  ores  haye  been  known  for  a  Tory  long 
period,  but  little  use  has  been  made  of  them,  owing  to 
the  inaccessible  character  of  the  country,  the  only 
feasible  method  of  transport  being  by  sleighs  during 
the  winter  months. 

In  the  southern  part  of  Sweden  the  most  celebrated 
mines  are  those  of  Daimemora,  situated  on  the  lake  of 
the  same  name,  about  thirty-two  miles  from  Upsala. 
The  ore,  which  is  specially  employed  for  producing  the 
highest  class  of  steel  iron,  is  a  rery  fine-grained  mag- 
netite, occurring  in  an  irregular  interrupted  belt  about 
one  mile  and  a  half  long,  in  crystalline  limestone  and 
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petrosilex.  The  workings  on  the  central  part  of  the 
mass  have  been  extended  to  a  depth  of  more  than  100 
fathoms  below  the  surface.  The  annual  production  is, 
however,  small,  not  exceeding  25,000  tons : — 
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Analysis  No.  I.  of  Dannemora  ore,  by  Ward,  is  of 
a  compact  black  mineral,  containing  a  very  small 
trace  of  iron  pyrites.  Nos.  II.  and  III.,  by  Noad, 
are  of  magnetic  ores  from  Boslagen,  on  the  east  coast 
of  Sweden,  north  of  Stockholm.  No.  II.,  from  Hocksta 
mine,  is  coarsely  crystalline  and  very  slightly  coherent, 
breaking  up  into  sand  when  subjected  to  pressure. 
No.  III.,  from  Sladdero  Island,  is  remarkable  for  its 
regular  structure  being  divided  by  joints  into  rhom- 
boidal  prisms.  These  divisions  have  been  mistaken  at 
times  for  cleavages  of  the  regular  octahedron,  but  that 
they  are  not  is  evident  from  their  passing  through 
the  adjacent  gneissic  rock,  imparting  to  it  a  similar 
structure  to  that  noticed  in  the  ore.  Iron  pyrites,  in 
small  quantities  at  least,  is  not  uncommon  in  the  mag- 
netic iron  ores  of  southern  Sweden,  especially  in  the 
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neighbourhood  of  granitic  yeins :  an  instance  of  this 
is  afforded  by  the  Jema  mines,  situated  in  an  out* 
break  of  coarse  granite,  and  yielding  an  ore  which, 
although  spotted  through  with  iron  pyrites,  is  valu- 
able as  an  addition  to  the  purer  ores  of  the  more 
northerly  districts  in  the  manufacture  of  strong  foundry 
iron. 

Among  the  most  remarkable  deposits  of  magnetic 
iron  in  the  more  southern  parts  of  Europe  is  that  of 
Traversella,  in  Piedmont,  situated  about  twelve  and  a 
half  miles  from  Ivrea,  in  the  valley  of  Bersella.  It  occurs 
in  talcose  schists  and  dolomites  in  the  form  of  a  largely 
crystalline  mass,  consisting  chiefly  of  magnetic  iron  ore, 
but  associated  with  an  extraordinary  profusion  of  other 
minerals,  such  as  copper  and  iron  pyrites,  garnet, 
chlorite,  dolomite,  and  augite,  most  of  which  are  beauti- 
fully crystallised.  The  workings  have  been  carried 
on  from  time  immemorial.  About  forty  miles  of  galleries 
have  been  driven,  and  the  mass,  whose  thickness  varies 
from  65  to  100  feet,  has  been  removed,  at  one  point,  to 
a  depth  of  more  than  200  yards  for  a  distance  of  about 
a  quarter  of  a  mile.  The  central  portion  is  formed  by 
an  eUipsoid  of  extremely  pure  magnetite,  accompanied 
by  dolomite,  and  yielding  from  48  to  50  per  cent,  of 
iron.  The  sides  are  more  or  less  charged  with  copper 
pyrites  in  sufficient  quantity  to  be  profitably  separated 
by  means  of  electro-magnetic  machines. 

At  Berggieshiibel,  in  Saxony,  magnetite  occurs  under 
somewhat  similar  associations  to  those  observed  at  Tra- 
versella. The  deposits  are  parallel  beds  from  a  few 
inches  to  twenty  feet  in  tiiickness,  carrying  red  and 
brown  hematite  with  sulphate  of  baryta  at  the  surface, 
passing  downward  into  magnetite,  with  garnet,  hgm- 
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blende,  and  epidote  ;  and  at  still  greater  depths,  copper 
ores  appear  in  considerable  quantity. 

In  the  neighbourhood  of  Arendal,  in  Norway,  a 
series  of  deposits  of  magnetite  have  been  worked  for 
several  centuries.  They  extend  in  a  nearly  straight 
line  for  about  thirteen  miles  parallel  to  the  coast,  and 
are  contained  in  homblendic  and  micaceous  schists. 
The  ore  is  mostly  pure  magnetic  oxide  without  admix- 
ture of  hematite,  and  appears  in  elongated  lenticidar 
masses  from  6  to  20  feet,  but  occasionally  as  much  as  70 
feet  in  thickness,  whose  course  is,  as  a  rule,  parallel  to 
the  foliation  of  the  containing  rocks. 

The  Taberg,  near  Jonkoping,  on  Lake  Wettem,  is 
an  example  of  the  second  class  of  magnetite  deposits, 
where  the  ore  is  interspersed  in  comparatively  smaU 
strings  and  masses  through  a  porphyritic  rock  com- 
posed of  hornblende  and  felspar  (greenstone  or  diorite). 
It  forms  an  isolated  hill  866  feet  in  height,  and  is 
extensively  wrought,  although  the  produce  is  low,  con- 
taining on  an  average  only  25  per  cent.,  as  the  metal 
produced  is  specially  adapted  for  wire-drawing,  and  fiiel 
is  comparatively  cheap  in  the  neighbourhood. 

At  Nischne-Tagilsk  and  Kuschwinsk,  in  the  Urals, 
magnetite  occurs  imder  somewhat  similar  conditions  to 
those  observed  at  Taberg,  but  in  a  doleritic  (labradorite 
and  augite)  porphyry.  At  the  former  locality,  a  ridge 
of  rock,  600  yards  long,  600  yards  broad,  and  about  250 
feet  high,  is  in  great  part  made  up  of  pure  magnetic 
ore ;  while  at  the  latter  it  appears  to  be  interspersed 
through  the  mass  of  the  augitic  porphyry,  and  towards 
the  summit  segregates  into  a  rich  workable  mass. 

In  England  magnetic  iron  ore  is  comparatively  rare 
Neaf  Brent;  in  South  Devoiii  it  is  found  covering  diorite 
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ia  a  crust  of  about  one  foot  in  thickness,  the  association 
being  similar  to  that  observed  in  the  Urals.  At  Tres- 
kerbj,  near  Penryn,  it  occurs  in  a  lode  about  three  feet 
ia  width,  with  a  slight  intermixture  of  tin  ore. 

The  Cerro  Mercado,  near  Durango,  in  Mexico,  a  hill 
about  300  feet  high,  is  in  great  part  composed  of  massive 
magnetite,  which  in  the  transverse  fissures  separatee 
out  into  octahedral  crystals  of  an  inch  in  diameter. 
The  associated  minerals  are  specular  and  brown  hema- 
tite, quartz,  and  calcspar.  The  deposit  is  contained  in 
a  felspathic  porphyry,  fragments  of  which  are  found 
in  the  ore.  Other  large  deposits  of  a  similar  character, 
on  the  Pacific  side  of  the  country,  are  supposed  by  Dana 
to  be  contemporaneous  'in  origin  with  those  of  Canada 
and  the  Northern  States  of  America. 

Bed  Iron  Ores.  These  are  often  associated  with  the 
hydrated  varieties  of  the  peroxide,  especially  in  the 
more  earthy  deposits  contained  in  secondary  and  newer 
rocks;  but  in  the  harder  crystalline  masses,  charac- 
terising the  older  formations,  such  admixtures  are  less 
frequent,  except  near  the  surface,  or  in  cross  fractures, 
wUch  often  contain  gothite  and  other  crystalline  forms 
of  brown  hematite.  The  most  important  deposits  of 
these  minerals  in  Europe  and  America  are  contained  in 
Huronian,  or  Cambrian,  Silurian,  Devonian,  and  car- 
boniferous rocks.  In  Sweden,  the  specular  or  micaceous 
variety  of  hematite  occurs,  among  other  places,  at  Dal- 
tarlsberg,  near  Nora,  and  in  the  island  of  Uto,  in  both 
places  associated  with  magnetite.  The  Nora  ore  is 
made  up  of  parallel  stripes  of  a  very  brilliant  mica- 
ceous hematite  and  quartz,  and  resembles  in  compo- 
sition the  Brazilian  rock  known  as  itabirite. 

On  the   south  shore  of  Lake  Superior,  near  Mar- 
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qaette,  a  scliistoee  yariety  of  hematite,  known  as  specular 
9ekUt  or  slaie  mm,  is  very  largely  developed  in  the 
Hnronian  rocks.     The  iron  region  extends  westward 
fit>m  the  lake  shore  for  a  distance  of  about  twenty  miles, 
with  a  breadth  averaging  six  miles.     The  strata,  which 
are  intensely  contorted,  are  chiefly  chloritic  and  talcose 
schists,  passing  upward  into  a  rock  composed  of  parallel 
laminae  of  red  jasper  and  hematite,  whose  total  thick- 
ness is  stated  to  be  upwards  of  a  thousand  feet.     Out 
of  this  amount  much  is  too  siliceous,  from  the  great 
prevalence  of  jasper,  to  be  worth  working ;  but  indi- 
vidual beds  of  solid  hematite,  free  firom  earthy  matter, 
of  150  feet  thickness,  are  quarried  at  the  Jackson  and 
Superior  mines.    A  noticeable  peculiarity  in  these  ores, 
in  addition  to  their  intensely  contorted  structure,  is 
the  prevalence  of  minute  crystals  of  the  octahedral 
variety  of  peroxide  of  iron,   or  martite.     There  are 
numerous  cross  veins  of  secondary  origin  containing 
crystallised  brown  iron  ores,  and  occasionally  disul- 
phide  of  copper  in  small  quantity.     Specular  schists  of 
a  similar  character,  very  finely  laminated  or  contorted, 
have  also  been  observed  on  the  Canadian  shore  of  Lake 
Superior,  as  well  as  in  the  altered  beds  of  the  Quebec 
group,  belonging  to  the  Lower  Sihuian  series,  but  on  a 
much  smaller  scale. 

Two  celebrated  masses  of  hematite,  known  as  the 
Lron  Mountain  and  Pilot  Knob,  are  worked  near  St. 
Louis,  in  Missouri.  The  former  consists  mainly  of 
massive  or  specular  ore,  while  the  latter  is  of  a  similar 
schistose  character  to  that  of  the  Lake  Superior  mines. 

Li  Saxony  red  iron  ores  are  found  in  the  vicinity  of 
Eibenstock  and  Schwarzenberg,  in  lodes  at  the  con- 
tact of  mica  schist,  altered  Silurian  rocks,  and  granite. 
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These  lodes^  some  of  whicli  are  as  mucli  as  15  fathoms 
thick,  extend  loiigitudiiially  for  nearly  twelve  miles. 

The  Deyonian  rocks,  both  of  England  and  Germany, 
contain  considerable  quantities  of  red  hematite,  chiefly 
in  association  with  brown  and  spathic  iron  ores.    At 
Brixham,  in  Torbay,  a  brilliant  micaceous  variety  is 
found  in  limestone,  and  is  employed,  when  ground  in  oil, 
as  a  paint  for  covering  iron  work.  A  similar  substance, 
of  a  brilliant  red  colour,  is  obtained  at  Audeghem,  in 
Belgium,  which  is  sold  for  the  same  purpose,  under  the 
name  of  '^  minium  de  fer,''  and  is  recommended  for 
use  in  coating  marine  boilers  in  preference  to  red-lead. 
The  largest  deposit  of  iron  ore  in  Cornwall  is  that 
worked  at  Restormel,  near  Lostwithiel,  where  a  lode, 
having  an  average  thickness  of  from  12  to  16  feet, 
occasionally  increasing  to  20  feet,  has  been  followed 
for  more  than  a  nule.     The  principal  mineral  is  crys- 
tallised brown  hematite  or  gothite,  which  occurs  in 
fihrous  and  mammillated  aggregates,  and  also  in  long 
prismatic  crystals  of  great  beauty.    Less  frequent  are  red 
hematite,  and  hard  and  soft  manganese  ores.     Crystals 
of  carbonate  of  iron  altered  to  brown  hematite  are 
occasionally  seen  in  the  upper  levels.     Owing  to  the  pre- 
valence of  manganese,  these  ores  are  well  adapted  for 
making  steel  irons. 

By  far  the  most  important  hematite  mines  in  this 
oountry,  are  those  of  XJlverstone,  in  Lancashire,  and 
Whitehaven,  in  Cumberland,  which  occur  in  very 
irregular  deposits  in  the  carboniferous  limestone.  Near 
Oleator,  the  ore  forms  a  bed  of  from  15  to  60  feet  in 
thickness,  apparently  interstratified  between  a  shale 
floor  and  a  limestone  roof.  It  is  for  the  most  part  of  a 
dull  compact  character,   but   forming   kidney-shaped 
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orystalliiie  aggregates  in  the  cavities  where  crystals  of 
quartz  and  arragonite  are  also  common,  together  with 
specular  iron.  In  the  XTlverstone  district  the  ore  is 
usually  found  filling  irregular  cavities  in  the  limestone. 
In  addition  to  the  compact^  a  greasy  micaceous  variety 
is  largely  produced,  and  is  used  for  lining  the  hearths 
of  puddling  ftimaces.  In  both  districts  brown  hema- 
tite appears  to  be  entirely  absent;  iron  pyrites  and 
phosphate  of  lime  can  be  detected  in  minute  traces 
chemically,  but  are  not  apparent  to  the  naked  eye. 
The  following  analyses  are  sufBlcient  to  show  the 
extreme  purity  of  these  ores : — 


I. 

n. 

in. 

Peroxide  of  iron 
Protoxide  of  manganese    . 
Alumina    .... 
Lime          •        •        .        ^ 
Magnesia  •       .       .        • 

Phosphoric  acid 

Bisulphide  of  iron     . 
Insoluble  residue 

Metallic  iron      . 

90-36 
010 
0-37 
0-71 
0i;6 

006 
8-54 

95-16 
0-24 

0-07 
5-68 

94-23 
0-23 
0-51 
0-05 

0-09  f  Sulphuric 

(     acid. 
0-03 
6-18 

100-20 
63-26 

101-16 
66-6 

100-32 
66*96 

Nos^  I.  and  II.  Hematites  from  Cleator  Moor,  Whitehaven,  by  Dick. 
No.  III.  .,  Lindale,  Ulverstone,  by  Spiller. 


»f 


Since  the  intoduction  of  the  Bessemer  process,  a  large 
additional  demand  has  sprung  up  for  hematite  pig 
iron,  and  these  ores  are  smelted  to  a  great  extent  in 
the  immediate  vicinity  of  the  mines.  In  addition  to  the 
local  consumption,  a  considerable  quantity  is  exported, 
to  be  used  in  other  iron-making  districts,  either  as  a 
mixing  ore  or  in  the  puddling  tumace. 
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The  following  series  of  analyses  gives  the  composition 
of  the  red  hematite  ores,  employed  for  making  Bessemer 
pig  iron  at  Barrow-in-Furness  iron  works,  Lancashire. 


I. 

n. 

in. 

IT. 

Peroxide  of  Iron  . 

94-88 

77-24 

83-33 

83-94 

Alumina       .... 

007 

1-71 

0-76 

0-70 

Protoxide  of  manganefie 

004 

Oil 

0-08 

0-28 

Liime     •         •        •        •         . 

0-34 

6-08 

4-10 

0-85 

j^Iagnesia     .        •        •        • 

trace 

0-41 

015 

009 

Water 

0-47 

2-82 

1-97 

2-28 

Phosphoric  acid   •        • 

0-03 

— 

— 

0*03 

Sulphuric  acid      •        •        • 

— 

trace 

— i 

Carbonic  acid 

— 

4-19 

2-53 

.. 

Silica 

%'65 

7-36 

6-69 

12-46 

100-38 

99-92 

9950 

100-63 

Metallic  iron        •        • 

66-42 

6407 

58-33 

58-76 

I.  Park  ore  (best  rough) ;  II.  Lindal  Cote  (puddling) ; 
III.  Whitrigg's  (puddling)  ;  IV.  Mouzell  mine  (best). 
Analyses  by  Bichards. 

A  remarkable  deposit  of  red  hematite  has  recently 
been  opened,  and  is  now  in  process  of  development,  at 
Cwm  mountain,  in  Flintshire,  near  Prestatyn,  and  a 
short  distance  from  the  famous  lead  mine  of  Talargoch. . 
The  ore  occurs  almost  entirely  as  a  breccia  of  angular 
fragments  cemented  by  crystalline  carbonate  of  lime, 
filling  large  irregular  lodes  in  the  carboniferous  lime- 
stone. Brown  hematite  is  also  found,  but  in  smaller 
quantity ;  some  of  it  being  in  octahedral  crystals  pro- 
bably pseudomorphous  after  magnetite  which  is  a  some- 
what rare  occurrence.  Unlike  the  northern  hematite 
deposits,  quartz  is  extremely  rare.  The  calcspar  is 
highly  crystallised,  but  while  preserving  its  character- 
istic form  is  coloured  of  a  deep  brick-red  tint  by  finely 
diffused  peroxide  of  iron. 
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At  WhitcliTircli,  near  Cardiff,  in  Glamorganshire,  an 
oolitic  yariety  of  red  hematite  occurs  at  the  base  of  the 
carboniferous  limestone.  It  ih  also  found  in  the  same 
geological  position  in  the  yalley  of  the  Meuse,  near 
Huy  and  Namnr,  in  Belgium ;  and  on  the  Cumberland 
river,  in  Kentucky — a  curious  fact,  showing  that 
similar  conditions  prevailed  at  the  commencement  of 
the  carboniferous  period  in  areas  widely  removed  from 
each  other. 

A  remarkable  bed  of  calcareous  brown  hematite 
occurs  in  the  Cheadle  coal-field  in  North  Staffordshire, 
at  the  base  of  the  coal  measures.  Although  its  maximum 
thickness  is  only  22  inches,  it  has  been  extensively  used 
for  export  to  South  Staffordshire,  where  it  is  used  as  a 
mixture  with  the  more  siliceous  ores  of  other  districts. 

In  the  Forest  of  Dean,  and  in  the  neighbourhood  of 
Bristol,  as  well  as  at  Llantrissant,  in  Glamorganshire, 
irregular  masses  of  brown  hematite  are  met  with  in  the 
carboniferous  limestone  and  the  lower  coal-measure 
sandstones.  At  the  last  of  the  above-mentioned  locali- 
ties the  ore  is  interstratified  between  the  upper  part 
of  the  carboniferous  limestone,  in  which  it  forms  an 
irregular  bed,  filling  holes  and  depressions,  and  a 
black  shale  roof,  supposed  to  be  a  portion  of  the  coal 
measures,  which  is  filled  with  nodules  of  argillaceous 
carbonate  of  iron.  The  Forest  of  Dean  ore  is  a  stalac- 
titic  brown  hematite,  locally  known  as  brush  ore,  the 
more  earthy  varieties  being  distinguished  by  the  term 
smith  ore.  The  following  analyses  give  the  composition 
of  the  ores  of  this  district : — • 
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Bbown  Hematites  from  Carboniferous  Books. 

I. 

II. 

III. 

IV. 

Peroxide  of  iron    . 

9005 

89-76 

69-05 

62-83 

Protoxide  of  manganese 

0-08 

0-04 

0-09 

0-81 

1-  • 

ijime     ..... 

0-06 

0-49 

0-26 

14-61 

Alumina        .... 

— > 

0-63 

.^ 

— 

Magnesia       .... 

0-20 

0-40 

0-28 

6-70 

Carbonic  acid 

^ 

— 

—— 

1814 

Phosphoric  acid    . 

0-09 

013 

0-06 

0-32 

Sulphuric  acid  or  pyrites 

009 

0-28 

Silica     ...... 

— 

34-40 

— 

Water 

9-22 

706 

6-38 

4-76 

Organic  matter 

— 

— 

1-30 

Insoluble  residue  . 

1-07 

2-67 

— 

004 

100-77 

101-07 

100-60 

98-78 

Metallic  iron 

63*04 

62-86 

41-34 

36-98 

No.  I.  Black  brush  ore,  fix>m  Forest  of  Dean,  by  Dick. 
yy  II.  Smith  ore 


» 


»> 


ft 


» 


» 


III.  Uantrissant  ore,  Glamorganshire,  by  Kiley. 

rV.  Calcareous  hematite,  "hydrate  of  iron,"  from  Froghall,  by  Dick. 


The  brown  hematite  of  Ashton  Court,  near  Bristol, 
is  remarkable  for  occasionally  containing  fragments  of 
sulphate  of  baryta,  interspersed  like  felspar  crystals  in 
a  porphyry. 

On  the  west  side  of  the  island  of  Elba,  specular 
iron  ore  has  been  worked  for  a  period  of  2,500  years. 
The  deposits  are  contained  in  metamorphic  rocks, 
whose  age  is  not  precisely  determined,  being  variously 
stated  as  belonging  to  the  carboniferous,  cretaceous, 
or  tertiary  periods.  At  Rio  Marina,  hematite  partly 
specular  and  partly  massive,  rests  upon  talcose  schist,  and 
is  covered  by  crystalline  limestone,  but  the  work  has 
recently  been  confined  to  turning  over  rubbish  heaps 
left  by  the  old  miners,  which  are  piled  up  to  a  height 
of  500  feet  above  the  ground  level.     At  Rio  Albauo 
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aiid  Terra  Nera  the  mineral  appears  in  lodes  traversing 
talcose  schist,  which  send  off  numerous  strings,  en- 
closing fragments  of  the  rock,  and  afterwards  overlie 
it,  forming  beds  of  from  30  to  100  feet  in  thickness. 
At  Cape  Calamita  a  similar  ramifying  lode  is  seen  in  a 
limestone  cliff  which  rises  precipitously  from  the  sea. 
It  contains  magnetite  below,  passing  upwards  into  a 
mixture  of  specular  iron  and  lievrite. 

A  schistose  variety  of  hematite,  somewhat  similar  in 
character  to  that  of  Lake  Superior,  is  found  in  the 
Devonian  limestones  of  Nassau.  At  the  mine  of  Gottes- 
gabe  several  beds  of  from  IJ  to  4  feet  in  thickness, 
making  up  a  total  of  from  36  to  40  feet,  are  inter- 
calated in  schistose  calcareous  greenstones  and  beds  of 
eisenkiesel — a  concretionary  rock,  made  up  of  red  and 
brown  iron  ore  and  fragments  of  bright  red  jasper. 
In  the  same  formation  irregular  pockets  of  brown  and 
red  ores,  associated  with  pyrolusite  and  other  manga- 
nese ores,  are  found  in  the  hollows  of  the  limestone 
beneath  the  gravels  and  brick  earth  forming  the  sur- 
face soil.  Occasionally  these  ores  are  entirely  replaced 
by  phosphate  of  lime  in  similar  irregular  masses. 

Titaniferous  Iron  Sands. — In  nearly  all  crystalline 
rocks,  hematite  or  magnetite,  usually  titaniferous,  is 
very  commonly  found,  disseminated  through  the 
mass  in  the  form  of  fine  grains  or  crystals.  When 
such  rocks  are  subjected  to  disintegration,  the  ferru- 
ginous minerals  are  set  free  and  give  rise  to  the  sub- 
stance known  as  black'Sandy  which,  from  its  high  specific 
gravity,  is  easily  separated  by  the  action  of  water  from 
the  lighter  minerals — quartz,  felspar,  &c.,  accompanying 
it.  One  of  the  most  familiar  instances  is  afforded  by 
the  process  of  alluvial  gold-washing,  where  the  first 
operation  consists  in  concentrating  the  gold  in  a  small 
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volume   of  black  sand,  wliicli  is  afterwards  removed 
either  by  a  magnet,  or  more  generally  by  carefdl  wash- 
ing' in  a  pan  or  batea.     Along  tiie  sea-shore,  especially 
in  countries  where  granites  or  other  crystalline  rocks 
occur,  streaks  of  black  sand,  washed  o«t  by  the  action  of 
the  waves  from  the  associated  siliceous  minerals,  are  very 
commonly  found  upon  gently  sloping  portions  of  the 
beach  ;  and  in  some  instances  the  quantity  is  so  large 
that  it  may  be  utilized  as  an  iron  ore.     Among  these 
localities  may  be  mentioned  the  shore  of  the  Bay  of 
Naples,  Taranaki  in  New  Zealand,  and  more  particu- 
larly  the  whole  of  the  north-east   coast  of    British 
America ;  the  more  important  deposits  being  situated 
along .  the  north  shore  of  the  St.  Lawrence,  from  the 
Moisie  River  eastward.     These  sands  are  derived  from 
the  waste  of  the  Norite,  or  Labradorite  rock,  which 
forms  a  great  part  of  the  Upper  Laurentian,  or  Labra- 
dor  series  of  the  Canadian  geologists,  consisf ing  of  a 
mixture  of  Labrador  felspar,  hypersthene,  nmgnetite, 
and  titaniferous  iron  ore.     Sometimes  the  latter  mineral 
is  found  in  good-sized  blocks,  as,  for  instance,  at  Min- 
gan,  being  obviously  derived  from  a  mass  of  ore.     At 
Moisie,  where  these  sands  form  the  beach,  they  are  ex- 
posed to  the  action  of  the  waves  which  effect  a  process  of 
concentration  so  that  after  a  prevalence  of  certain  winds 
great  belts  of  nearly  pure  black  sand  are  exposed  along 
the  shore.    When  visited  in  1868  by  Dr.  Sterry  Hunt, 
trenches  were  being  sunk  to  a  depth  of  5  feet  on  the 
shelving  beach  about  half  way  between  high  and  low 
water  marks.     The  sections  presented  alternations  of 
nearly  pure  siliceous  sand  and  of  black  iron-sand,  the 
latter  in  layers  of  from  half  an  inch  to  6  inches  in 
thickness,  often  with    a  small  admixture  of    grains 
of  red  garnet.     The  thicker  layers  of  moist  black  sand 
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were  easily  removed  by  shoyels  from  the^more  siliceous 
part,  and  amounted  by  measure  to  about  one  and  a  half 
or  two  feet  of  the  total  thickness  of  five  feet  excayated. 
The  ore  was  subjected  to  a  further  separation  by  dressing 
on  a  shaking  -  table,  about  20  feet  long  and  4  feet 
wide,  with  a  somewhat  concave  surface,  upon  which,  by 
the  aid  of  a  gentle  current  of  water,  a  further  portion 
of  the  lighter  grains,  consisting  chiefly  of  quartz,  was 
washed  away,  so  that  the  ore  as  prepared  for  smelting 
contained  but  5  J  per  cent  of  insoluble  siliceous  matter. 
When  freed  entirely  from  the  associated  earthy 
minerals,  the  black  iron  sands  may  be  divided  into  a 
magnetic  and  a  non-magnetic  portion;  the  former 
being  nearly  pure  magnetite,  while  the  latter  is  chiefly 
titaniferous  iron  ore.  The  following  analyses,  by  Sterry 
Hunt,  give  the  composition  of  the  dressed  sand  smelted 
at  Moisie  iron- works. 


I. 

II. 

ITT. 

Protoxide  of  iron 
Titanic  acid      .... 
Protoxide  of  manganese   . 
Lime         ..... 
Insoluble  residue 

Total       .... 

85-79 
415 
0-40 
0-90 
1-95 

56-38 

28-95 

1-10 

0-95 

8-75 

7010 
16-00 

5-92 

93-19 

96-13 

92-02 

If  estimated  as  magnetic  oxide 
]\f  etallic  iron    .... 

92-68 
66-73 

43-85 

55-23 

I.  Magnetic  portion  of  dressed  ore ;  II.  Non-mag- 
netic portion ;  III.  Unwashed  black  sand  :  as  a  whole, 
it  corresponds  in  composition  to  about  equal  parts  of 
I.  and  II.  In  these  analyses  the  iron  is  expressed  as 
protoxide,  though  a  portion  of  it  occurs  in  a  higher 
state  of  oxidation,  as  it  is  difficult  to  determine  exactly 
the  proportion  of  the  two  oxides  in  the  presence  of 
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titanic  acid.  At  Mingaiiy  Natasquan,  and  several  other 
points  along  the  Labrador  coast,  iron  sands  occur  under 
generally  similar  conditions  to  those  described  by  Dr. 
SterryHunt.  The  siliceous  portion  whiah  remains  after 
the  remoTal  of  the  hesTier  metallic  gsains^  is  found,  when 
examined  under  the  microscope,  to  contain  in  addition  to 
quartz  and  garnet,  cleaved  fragments  of  felspars,  which 
often  include  well-formed  octahedra  o£  magnetite. 

The  production  of  cast  iron  from  magnetic  sand  is 
attended  with  considerable  difficulty,  as  the  fine  state 
of  division  of  the  ore  renders  it  unfit  for  treatment  in 
the  blast  fiimace.  Yarious  processes  have  been  sug- 
gested for  overcoming  this  defect,  the  principle  most 
generally  in  favour  being  that  of  agglomerating'  the 
sand  with  clay  and  other  earthy  matter,  so  as  to  form  it 
into  lumps,  which  can  then  be  used  in  the  blast  furnace 
in  the  same  way  as  ordinary  ores.  None  of  these  pro- 
cesses have,  however,  been  sufficiently  successful  to 
require  farther  notice,  and  it  is  only  within  the  last  few 
years  that  the  black  sand  of  the  Labrador  has  been 
treated  to  advantage,  by  converting  it  into  wrought  iron 
directly  in  the  open  fire  or  bloomary  furnace,  a  notice 
of  which  will  be  found  at  the  end  of  Chapter  XIL 

Bronm  Iran  Ores  of  the  Secondary  Fannatums.  In  the 
lias,  oolitic,  and  lower  greensand  formations,  brown 
hematites,  mostly  of  an  impure  and  sandy  character, 
are  found  almost  continuously  from  the  northern  parts 
of  Wiltshire  to  the  wolds  of  Yorkshire^  passing  through 
Oxfordshire,  Northamptonshire,  and  Lincolnshire, 
usually  appearing  as  a  dark,  ochreous,  brown,  oolitic 
rock,  occasionally  having  a  greenish  cast  on  a  freshly- 
fractured  surface.  The  most  important  bed  is  that  occur- 
ring in  the  lower  part  of  great  oolite,  from  the  neigh- 
bourhood   of    Banbury    through    Northamptonshire. 

e2 
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Althougli  of  low  quality,  the  ease  with  which  they  may 
be  quarried  has  caused  these  ores  to  be  largely  wrought 
for  export  to  Staffordshire  and  South  Wales,  besides 
being  smelted  in  furnaces  ereo^  on  the  spot.  In  some 
places,  the  Northamptonshire  ore  appears  to  be  the 
result  of  an  alteration  of  an  argillaceous  carbonate  of  a 
similar  character  to  that  w«)rked  in  the  North  Biding  of 
Yorkshire,  undef  the  name  of  the  Cleyeland  Ironstone. 
At  Westbjiry,  in  Wiltshire,  the  same  ore  is  found  in 
the  coral  rag ;  and  at  Seend,  near  Devizes ;  and  Lin- 
slade^  in  Buckinghamshire,  in  the  lower  greensand. 
In  the  last-mentioned  locality  there  is  no  continuous 
bed,  but  large  nodulv  masses  of  brown  ochreous  limon- 
ite  are  found  scattered  through  about  50  or  60  feet  of 
brown  sand.  The  nodules  are  often  hollow,  and  filled 
with  loose  white  sand. 


Analyses  of  Brown  Iron  Ores  from  the  Secondary 

FORliATIONS. 


I. 

II. 

III. 

IV. 

Peroxide  of  iron     . 

44-67 

64-61 

67-8 

52-86 

Protoxide  of  iron    . 

0-86 

— 

— 

— 

Ainmina 

9-10 

3-85 

8-6 

7-39 

Protoxide  of  man- 

ganese 

0*44 

0-7 

0-51 

Lime 

9-29 

0-64 

2-8 

7-46 

Magnesia 

0-66 

0-20 

0-8 

0-68 

Phosphoric  acid 

0-65 

0-64 

2-3 

1-26 

Carbonic  acid 

6-11 

— 

ft  -  /  Vanadic 
"  M     acid 
7-9 

4-92 

Silica     . 

12-34 

18-02 

13-16 

Sulphur. 

trace 

— 

ft.   (Arsenic 
^'M    acid 

0-03 

Water   . 

16-31 

11-86 

10-8 

11-37 

100-33 

99-81 

101-3 

99-64 

Metallic  iron . 

31-94 

1 

46-22 

47-6 

37-00 
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Nob  L  ¥tom  the  middle  lias  (marlatone),  Fawler,  near  Blenheim,  by 

Dick. 
„  n.  Lower  greensand  ore,  Seend,  Wiltshire,  by  Biley. 
„  m.  Oolitic  ore  (bohners),  White  Jura,  Eandem,  Bayazia,  by  A. 

Miiller. 
„  IV.  From  the  Northampton  sands,  in  the  great  oolite,  Welling- 

borongh,  by  Spiller. 

In  France  red  and  brown  hematite  occur  in  oolitic 
and  liassic  rocks,  under  somewliat  similar  conditions  to 
those  observed  in  this  country,  the  most  important 
deposit  being  that  of  La  Youlte,  in  the  Ardftche,  where 
three  beds  of  a  compact  earthy  red  hematite,  varying 
^  to  16  feet  in  thickness,  are  interstratified  in  marls 
which  are  variously  stated  as  belonging  to  the  lias  or 
the  Oxford  clay.  Oolitic  varieties  of  the  same  minerals 
are  found  in  all  three  divisions  of  the  series ;  but,  as  a 
role,  they  are  more  argillaceous  than  the  English  ores 
of  the  same  age. 

In  Bavaria  and  Wirtemberg,  the  lower  members  of 
the  oolitic  group  or  brown  Jura  formation  contain 
similar  ores,  on  the  north-west  side  of  the  Swabian  Alps, 
the  maxinAun  thickness  observed  beiug  18^  feet  in  the 
neighbourhood  of  Aalen  and  Wasseralfingen.  Another 
large  development  in  the  same  formation  in  the  Grand 
Duchy  of  Luxembourg  extends  into  the  French  por- 
tion of  the  Moselle  valley,  and  forms  one  of  the  most 
important  and  productive  iron  districts  on  the  continent 
of  Europe. 

Besides  the  stratified  ores  above  noticed,  the  South 
German  oolites  often  contain  irregular  masses  of  loose 
concretionary  brown  hematite,  known  as  bean  ore 
(bohnerz),  filling  cracks  or  funnels  in  the  erodec' 
Bar&ces  of  limestones.  These  concretions  vary  from  the 
size  of  a  small  pea  up  to  that  of  a  walnut,  the  larger 
being  less  perfectly  spherical  than  the  smaller  onen. 


78  METALLURGY  OF   IRON. 

The  cementing  material  is  a  fermginous  sand  or  clay, 
whidh  is  sometimes  sufficiently  compact  to  form  a  kind 
of  breccia ;  but,  as  a  rule,  it  is  unconsolidated,  and  may 
be  removed  from  the  ore  by  washing,  which,  when  pre- 
pared for  smelting,  contains  about  36  per  cent,  of  iron. 

Sandy  brown  iron  ores,  forming  superficial  deposits, 
are  worked  at  many  places  in  the  Wealden  rocks  of  the 
Boulogne  district,  for  the  supply  of  a  large  range  of 
furnaces  at  Marquise,  between  Boulogne  and  Calais. 

Bog  Iron  Ore — Limonite,  Although  not  found  in 
this  country  in  sufficient  quantity  to  be  worth  working, 
these  "ores  are  abundantly  developed  in  Europe, 
especially  on  the  great  plain  of  North  Germany,  which 
extends  from  the  borders  of  Holland  to  the  head  of  the 
Baltic.  They  are  of  very  variable  composition  and 
quality,  and,  in  addition  to  the  hydrated  peroxide,  often 
contain  protoxide  of  iron  in  combination  with  humic 
and  other  organic  acids,  and  silica.  According  to 
Ehrenberg  the  formation  of  bog  ores  is  in  part  due  to 
infusoria  fdiatomacesB),  which  have  the  power  of 
separating  iron  from  water,  and  depositing  it  as 
hydrated  peroxide  in  their  siliceous  coverings. 

In  Sweden,  Norway,  and  Finland  large  quantities  of 
a  variety  of  limonite,  knovm  as  lake  ore  (ajomalmer), 
are  obtained  by  dredging  from  the  bottom  of  the 
nimierous  lakes  studding  the  surfaces  of  these  countries. 
It  occurs  in  granular  concretionary  forms,  varying  in 
size  from  that  of  grains  of  coarse  gunpowder  up  to 
cakes  of  6  inches  in  diameter.  The  work  of  collecting 
these  ores  is  confined  to  the  winter  months,  the  raising 
being  efiected  by  a  perforated  iron  shovel  fixed  to  the 
end  of  a  long  pole,  which  is  lowered  through  a  hole  about 
three  feet  in  diameter  made  for  the  purpose  in  the  ice. 
The  ore,  which  occurs  in  layers  varying  from  8  to 
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30  inclies  in  thickness,  from  10  to  200  yardB  in  length, 
and  from  5  to  15  yards  in  breadth,  is  continually 
forming ;  and  localities  that  have  been  exhausted  have 
been  known  to  present  fresh  workable  deposits  of 
several  inches  in  thiekness  after  a  lapse  of  twenty-six 
years.  The  formation  of  these  ores  is  said  to  be  mainly 
due  to  infxLSorial  agency,  the  iron  being  deriyed  either 
from  the  oxidation  of  iron  pyrites  or  silicates  of  pro- 
toxide of  iron,  such  as  hornblende,  pyroxene,  &c.,  in 
the  adjacent  rocks.  Probably  the  bean  ores  of  the 
Gherman  oolitic  rocks,  which  are  very  similar  in  struc- 
ture and  composition,  may  have  been  formed  in  like 
manner.  Bog  and  lake  ores  yary  yery  much  in  com- 
position and  quality  :  usually,  howeyer,  they  contain  a 
marked  quantity  of  phosphorus,  and  are  best  adapted 
for  foundry  purposes.  A  yariety  of  grey  pig  iron, 
made  from  bog  ore  at  Batiscan,  Three  Biyers,  Canada, 
is  largely  employed  for  making  railway  wheels,  on 
account  of  the  facility  with  which  it  chills  when  cast 
in  metal  moulds. 


Analyses  of  '. 

Boo   AND 

Lake  Obes. 

r. 

n. 

nx. 

IV. 

Peroxide  of  iron  . 

62-59 

66-28 

67-59 

77-60 

Protoxide  of  iron 

2-70 

— 

^— 

Oxide  of  manganese 

8*52 

— 

1-45 

0-30 

Silica  .... 

_- 

— 

7-81 

5-40 

Sand    . 

11-37 

13-60 

-^ 

— 

Alnmina 

— — 

— 

4-18 

_ 

Lime    . 

—. 

0-47 

Magfnesia 

— 

— 

0-23 

— 

Phoephorio  acid  . 

1-50 

1-27 

018 

1-81 

Snlphnrio  acid 

trace 

— 

— 

— 

flnmnB  (apocreni< 

!  acid) 

9-00 

— 

— . 

Water  and  organic  matter  . 

1602 

7-60 

17-81' 

17-25 

100-00 

100-25 

99-72 

102-36 

Metallic  iron 

• 

43-82 

48-50 

47-32 

54-32 
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Kos.  I.,  II.  Bog  ores  from  the  neighbourhood  of  Lingcxi,  Hanorcr, 
by  Senft. 
„    m.    Lake  ore  from  FLaten,  Wermland,  Sweden,  by  Svanberg. 
„    lY.    Bog  ore  from  Three  Bivem,  Canada.     The  excess  in  the 
analyses  is  due  to  part  of  the  iron  existing  as  protoxide. 
By  Sterry  Hunt. 

Spathic  Carbonate  of  Iron.  This  ore,  thougli  of  less 
frequent  occurrence  than  the  various  forms  of  peroxide, 
appears  in  a  few  localities  in  Central  Europe  in  masses 
which,  for  extent  and  value,  may  be  fairly  paralleled 
with  the  "  iron  mountains  "  of  Scandinavia  and  North 
America.  The  principal  English  deposits  are  those  of 
Weardale,  in  Durham,  where  it  occurs  in  lodes  in  the 
carboniferous  limestone  associated  with  lead  and  zinc 
ores,  Perran  in  Cornwall,  Exmoor  in  North  Devon, 
and  Brendon  Hill  in  Somerset.  Between  the  two 
last-mentioned  localities  the  ore  forms  a  chain  of  lodes 
in  the  middle  Devonian  rocks,  said  to  be  about  five 
miles  long,  with  a  maximum  thickness  of  27  feet. 
Latterly  they  have  been  worked  to  a  considerable 
extent  for  export  to  South  Wales,  where  they  are  suc- 
cessfully employed  in  the  production  of  spiegeleisen. 
In  all  cases  the  higher  part  of  the  lode  is  changed  into 
brown  hematite  to  a  considerable  depth  by  the  action 
of  atmospheric  air  and  water. 

In  the  Devonian  rocks  of  the  Rhine,  large  quantities 
of  spathic  ores  are  found  in  the  district  of  Siegen,  the 
most  important  deposit  being  that  called  the  Stahlberg, 
or  steel  mountain,  near  Miisen,  where  a  nearly  vertical 
wedge-shaped  lode  in  clay  slate  has  been  worked  since 
A.D.  1313.  The  greatest  thickness  of  this  mass  is 
about  66  feet,  the  horizontal  extension  about  160  yards, 
and  the  height  or  depth,  which  has  been  proved  by 
twelve  working  levels  driven  into  the  hill,  260  yards. 
The  annual  production  is  about  30,000  tons.  In  the 
adjoining  mine,  called  Schwabengrube,  the  same  lode 
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splits    up    into  numerons  smaller    ores,   and  carries 
cobalt,  copper,  and  lead  ores. 

In  the  Eastern  Alps  spathic  iron  ores  are  largely 
developed  in  metamorphic  rocks,  chiefly  micaceous  and 
talcose  schists,  and  crystalline  limestones  of  Devonian 
or  perhaps  Silurian  age.  Near  Eisenerz,  in  Styria,  the 
celebrated  "  Erzberg,"  or  ore  mountain,  which  rises  to 
a  height  of  about  2,500  feet,  apparently  conedsts  of  a 
solid  mass  of  carbonate  of  iron,  but  is  in  reality  only 
covered  by  a  capping  or  arch  of  the  mineral,  which 
varies  in  total  thickness  from  200  to  600  feet,  including 
a  few  interstratified  schistose  partings.  The  deposit 
lays  upon,  and  apparently  passes  on  either  side  into, 
limestone,  and  is  covered  by  a  breccia  of  limestone 
fragments  and  clay  slate.  The  best  ore,  which  is  hard 
crystalline,  and  of  a  brownish-yellow  colour,  known 
locally  as  ^'pflinz,''  occurs  in  the  lower  beds.  The 
associated  minerals  are  iron  and  copper  pyrites,  quartz, 
carbonate  of  lime,  and .  more  rarely  cinnabar.  The 
annual  production  is  about  110,000  tons,  more  than 
50,000,000  tons  being  laid  open  in  the  workings. 

Of  a  similar  character,  but  smaller  in  extent,  are 
the  deposits  of  spathic  ores  in  Carinthia.  These  are 
situated  at  Hiittenberg  and  Lolling,  north-east  of 
Klagenfurth,  and  include  a  series  of  lenticular  beds  in 
crystalline  limestone,  the  largest  being  nearly  200  feet 
thick,  containing,  in  addition,  small  quantities  of  heavy- 
spar,  mica,  chalcedony,  and  occasionally  arsenical 
pyrites  and  scorodite. 

In  the  Permian  rocks  of  Thuringia  a  large 
irregular  mass  of  spathic  ores  has  been  worked  in  the 
Mommel  and  Stahlberg  mines,  near  Schmalkalden,  for 
more  than  700  years.  It  is  of  very  variable  form,  being 
much  disturbed  by  intruded  granitic  and  porphyritic 
veins,  but  is  in  places  nearly  vertical,  with  a  breadth  r ' 

E  3 
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500  feet,  and  has  been  followed  to  a  depth  of  300  feet. 
The  known  length  is  about  a  mile. 


Analyses  of  Spathio  Ibon  Obes. 

1 

1 

* 

L 

n. 

m. 

IV. 

V. 

Protoxide  of  iron 

49-47 

43-84 

63-42 

66-64 

47-96 

Protoxide  of  manganese  . 

2-42 

12-64 

3-08 

2-80 

9-60 

Peroxide  of  iron 

— 

0-81 

— 

— 

^— 

Lime 

S-47 

0-28 

0-92 

— ^ 

Magnesia . 
Carbonio  acid  . 

316 

3-63 

500 

1-77 

312 

37-71 

38-86 

3810 

38-36 

3919 

Phosphoric  acid 

'  trace 

— 

— 

— 

Silica 

4-93 

— 

0-06 

— . 

Bisulphide  of  iron 

008 

— 

> 

101-23 

10006 

99-66 

99-48 

99-77 

Metallic  iron    . 

38*56 

34-65 

4161 

43-26 

37-31 

f,        manganese 

1*86 

9*73 

2-37 

2-16 

7-31 

"No.  I.      from  Weardale,  Durham,  contains  traces  of  lead  and  copper. 

Dick. 
„  II.  „    Brendon  Hill,  Somersetshire;  streaked  with  red  he- 

matite.   Spiller. 
„  in.,  lY.  „    Eisenerz,  Styria.    Haidinger. 
y.  „    Stahlberg,  Miisen.    Fresenius. 


it 


*f 


Argillaceous  Carbonate  of  Iron,  This  is  by  far  the  most 
important  of  British  iron  ores,  furnishing  nearly  two- 
thirds  of  the  total  annual  iron  produce  of  the  United 
Kingdom.  It  is  found  either  in  irregular  nodules,  inter- 
spersed through  the  clays  or  shales  of  the  coal  measures, 
and  in  a  much  less  degree  in  some  of  the  argillaceous 
members  of  the  secondary  and  tertiary  rocks,  or  in 
beds  of  several  feet  in  thickness,  ^nd  cpntinuous  over 
considerable  areas  ;  in  the  secondary  formations,  more 
especially  in  the  lias.  The  former,  or  nodular  variety, 
consists  essentially  of  masses  of  carbonate  of  iron  of  a 
compact  or  earthy  fracture,  which,  in  addition  to  varia- 
ble proportions  of  carbonates  of  the  isomorphous  bases, 
lime,  magnesia,  and  manganese,  always  contain  a  notable 
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quantity  of  clay.  The  nodules  occasionally  coalesce 
into  beds,  wliicli  are,  howeyer,  usually  restricted  both 
in  thickness  and  extent.  The  irregular  forms  are  often 
concretionary,  and  contaiii  fragments  of  fossils,  such  as 
fish,  small  crustaceans,  freshwater  shells,  or  the  remains 
of  plants.  It  is  yery  common  to  find  the  nodules 
diyided  by  small  fissures,  analogous  to  those  produced 
by  the  contraction  of  clay  in  drying,  which  are  filled 
up  with  other  minerals,  forming  miniature  lodes  ;  the 
most  general  associates  being  iron  and  copper  pyrites, 
galena,  blende,  carbonate  of  lime,  quartz,  and  the  rare 
substances,  Millerite,  or  sulphide  of  nickel,  and  Hatchet- 
tine,  or  mineral  tallow,  thfe  two  latter  minerals  being 
found  together  in  the  clay  ironstone  of  Dowlais,  near 
Merthyr  Tydvil,  in  Glamorganshire.  When  freshly 
broken  the  nodules  are  usually  of  a  light  grey,  yellow, 
or  bluish  tint,  but  become  brown  on  exposure  by  the 
superficial  peroxidation  of  the  iron.  Phosphoric  acid 
is  almost  inyariably  present,  ranging  in  amount  from 
0*05  to  rather  more  than  1  per  cent. 

The  coal-fields  most  abundantly  supplied  with  these 
ores  are  those  of  South  Wales,  North  and  South 
Staffordshire,  Shropshire,  Yorkshire,  and  Derbyshire, 
Scotland,  and  Denbighshire  ;  while,  on  the  other  hand, 
scarcely  any  are  found  in  the  great  Northumberland 
and  Durham  basin,  or  that  of  Lancashire.  They  are 
often  worked  in  conjimction  with  coal  seams  in  the 
same  pits  either  simultaneously  or  at  difierent  times. 

The  yield  of  ironstone  measures  per  acre  varies  con- 
.siderably,  on  account  of  the  great  irregularity  in  the 
distribution  and  thickness  of  the  nodules.  Thus,  in 
the  Bamsley  district,  the  Tankersley  Mine,  a  bed  of 
shale  6  feet  thick,  with  from  12  to  15  inches  of  iron- 
stone, yields  about  2,000  tons  to  the  acre ;  the  Parkgate 
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Old  Black  Mine,  11  inches  thick,  1,500  tons  ;  while  the 
Olay  Wood  Mine,  only  5^  inches  thick,  produces  from 
1,600  to  1,600  tons.  In  Derbyshire  .the  Black  Shale 
rake  of  Chesterfield  is  the  most  productiye  measure, 
yielding  from  4,000  to  7,000  tons  per  acre  :  it  consists 
of  twenty  bands  of  nodules,  varying  from  ^  to  2  J  inches 
thickness,  or  28  inches  in  all,  interspersed  through  a 
total  thickness  of  about  36  feet  of  shale. 


Analyses 

OF  Clay  Ironstones 

• 

L 

II. 

IIL 

IV. 

1 
V. 

Protoxide  of  iron 

3614 

47-87 

39-55 

44-33 

44-29 

Peroxide  of  iron 

0-61 

2-71 

1-06 

'— 

Protoxide  of  manganese  . 

1*38 

112 

1-60 

1-00 

113 

Alumina  .... 

0-52 

0-43 

1-14 

0-92 

0-45 

2-70 

1-00 

3-32 

2-86 

306 

Magnofda. 
Carbonic  acid  . 

205 

1-27 

2-85 

1-97 

3-73 

26-57 

30-96 

28-63 

30-92 

32-48 

Phosphoric  acid 

0-34 

007 

1-12 

0-70 

0-42 

Bisulphide  of  iron 

0-10 

0-25 

0-05 

0-07 

— 

Water      .... 

1-77 

1-18 

1-75 

1-30 

1-45 

Organic  matter 

2-40 

0-41 

114 

0-48 

0*35 

Insoluble  residue 

25-27 

15-95 

15-80 

14-35 

1301 

99-85 

100-51 

99-56 

99-96 

100-37 

Metallic  iron    . 

2912 

36-56 

33-20 

35-61 

34-72 

No.    I.  Low  Moor  Black  Bed,  ne&r  Bradford.      Insoluble  residue, 

chiefly  clay.     Spiller. 
„    II.  Fireclay  l^dls,  Dudley,  South  Staffordshire.    Dick. 

„  m.  Dale  Moor  Rake,  Stanton,  Derbyshire,  contains  tracos  of  zinc 
and  copper.     Spillor. 

„  TV.  White  Flats  ironstone,  Shropshire.    Spiller. 

„    v.  Lumpy  Vein    Mine,    Dowlais,  South  Wales,    contains,    in 
addition,  0-14  of  potash.    Riley. 

Blackhand  Ironstone,  This  term  is  applied  to  clay 
ironstones  containing  carbonaceous  matter.  These  are 
usaally  of  a  dark  brown  or  black  colour,  and  often  of  a 
shaly   structure,  resembling   cannel   coal.      They   are 
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field.     More  recently  similar  ores  have  been  discoyered 
in  the  Khenish  and  Westplialian  coal-fields. 

In  South  Wales,  a  carbonaceous  spathic  ore  occasion- 
ally accompanying  the  coal  is  known  as  coal  brasSy  a 
term  which  is  also  applied  to  the  nodules  of  iron 
pyrites  found  under  similar  circimistances.  It  differs 
from  blackband  in  containing  considerable  quantities 
of  carbonates  of  lime  and  magnesia. 

Analyses  of  Blagebaiid  Ironstones. 


I. 

n. 

m. 

IV. 

Protoxide  of  iron 

46-63 

50-73 

43-37 

3707 

Peroxide  of  iron  . 

0-45 

4-10 

— 

Protoxide  of  manganese 

2-54 

1-86 

1-50 

0-23 

AlUmina       .... 

0-97 

0-26 

606 

— 

Lime    .         .        . 

2-41 

2-52 

300 

6-61 

Ma^esia     .... 
Carbonic  acid 

1-39 

1-26 

0-25 

7-40 

30-77 

33-89 

30-60 

36-14 

Phosphoric  acid    . 

0-69 

0-73 

trace 

0-23 

Bisulphide  of  iron 

0-38 

0-38 

1-56 

trace 

Water 

1-47 

— 

0-68 

— 

Organic  matter    . 

10-46 

6-41 

6-25 

9-80 

Insoluble  residue . 

• 

'2-27 

0-72 

2-80 

2-70 

99-88 

99-21 

99-96 

100-18 

MetAllic  iron 

36-39 

39-84 

36-49 

28*88 

No.    I.  Bed  shag  ironstone,  Shelton,  North  Staffordshire.    Dick. 

,,     n.  Bad  Mine,  Apedale,  North  Staffordshire.    Dick. 

„  III.  Blackband,  Abercame,  Monmouthshire.    Bogers. 
IV.     Coal  brass,  South  Wales.    Price  and  Nicholson. 


ft 


Cleveland  Ironstone.  It  has  already  been  stated  at 
p.  67,  that  the  middle  lias  or  marlstone  rock  bed  near 
Chipping  Norton  and  Woodstock,  in  Oxfordshire, 
assimies  the  form  of  an  oolitic  brown  hematite,  being 
apparently  the  result  of  atmospherio  action  npon  an 
impure  variety  of  protocarbonate  of  iron.  In  the 
North  Biding  of  Yorkshire  the  same  bed  contains  an 
ironstone,  but  on  a  larger  scale  than  prevails  fiirther 
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westward.  Where  it  is  best  developed,  the  stone  has  a 
total  thickness  of  about  20  feet,  made  up  of  yarious 
interstratiiied  bands  of  ore,  shale,  and  iron  pyrites,  out 
of  which  two  principal  members  are  distinguished  as  the 
Peden  and  Avicula  seams,  from  the  respective  prevalence 
in  them  of  fossil  shells  belonging  to  these  genera.  The 
greatest  workable  thickness  of  the  bed  is  from  12  to 
17  feet ;  the  average  yield  is  estimated  at  about  20,000 
tons  per  acre.  The  usual  colour  of  the  ore  is  a  dull 
bluish  green,  from  the  prevalence  of  a  silicate  of 
protoxide  of  iron  ;  in  structure  it  is  oolitic,  with  nume- 
rous interspersed  fossils.  At  Eosedale  Abbey,  a  dark 
blue  or  black  variety  is  found,  which,  although  oolitic, 
is  both  magnetic  and  polar,  and  appears  in  many 
respects  to  be  similar  in  character  to  the  mineral  known 
as  Chamoisite,  worked  at  Chamoisin;  in  the  Valais. 

Analyses  of  Cleveland  Ibon  Obes. 


I. 

II. 

IIL 

IV. 

Protoxide  of  iron . 
Peroxide  of  iron  . 
Protoxide  of  manganese 
Alumina       .... 

Lime 

Magnesia     .... 

Silica 

Carbonic  acid 
Phosphoric  acid   . 
Bisulphide  of  iron 

Watw 

'  Insoluble  residue . 

3317 

0-50 

3-92 

11-90 

4-52 

28-00 
0-48 

3-65 
13-22 

43-35 
1-20 

9-88 
0-58 
5-35 
7-65 
22-96 
3-87 
0-09 
5-07 

33-85 
32-67 
0-69 
3-15 
2-86 
1-59 
6-95 
10-36 
1-41 
003 
4-60 

39-92 
3-60 
0-95 
7-86 
7-44 
3-82 
7-12 
22-85 
1-86 
0-11 
2-97 
1-64 

)  Metallic  iron 

1 

99*36 
25-80    1 

1 

100-00 
34-54 

98-16 
49-17 

100-14 
33-65 

x\ 


0. 


1.    Avicula,  or  lower  bed,  Grosmont,  Yorkshire.    Tookey. 
II    n.    Main  seam,  Eston  Nab.    Crowder. 
II  m.    Magnetic  ore  of  Bosedale  Abbey.    Fattinson. 
I)  IV.    Cleveland  ore ;  locality  not  stated.    Sum  includes  0*27  potash. 
The  silica  exists  mostly  in  the  soluble  form.     The  residua 
contains  visible  crystals  of  titanic  acid  (anatase).  Dick. 
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For  the  following  systematic  account  of  the  locali- 
ties where  iron  ores  are  worked  in  the  secondary  for- 
mations in  England,  I  am  indebted  to  my  Mend  Mr. 
J.  W.  Jodd,  of  the  Geological  Sorvey,  who  has  paid 
particular  attention  to  the  geology  of  these  deposits. 

I.  Midland  Counties.  A.  Marlstone  rock  bed. 
This,  the  highest  portion  of  the  middle  lias  series,  is 
usually  ferruginous,  and  in  certain  localities  forms  a 
good  ironstone.  It  is  a  bed  which  at  times  attains  a 
thickness  of  more  than  twenty  feet.  The  ore  resembles, 
in  many  respects,  that  firom  the  Northampton  sand, 
but  is  calcareous  rather  than  siliceous. 

The  localities  where  it  has  been  worked  are  as  fol- 
lows : — 

1.  Adderbury  in  Oxfordshire,  between  Banbury  and 
Deddington:  these  works  yielded,  in  1869,  10,167 
tons ;  and  a  few  months  since  they  were  still  in  active 
operation,  and  in  process  of  extension. 

2.  Steeple  Ashton,  Oxfordshire.  Here  the  North- 
ampton sand  was  raised  at  the  surface,  and  the  marl- 
stone  rock-bed  at  a  depth  of  30  feet,  both  being  sent 
away  as  iron  ore. 

3.  Fawler,  near  Stonesfield,  Oxfordshire.  The  rock- 
bed  was  worked  for  several  years,  but  lately,  the  work- 
ings have  been  stopped,  owing  to  the  great  depth  of 
bearing  or  cover  that  has  to  be  stripped  to  get  at  the 
ore. 

B.  Northampton  Sand.  The  beds  worked  in  this 
formation  belong  to  the  lowest  portion  of  the  Inferior 
Oolite  (zone  of  Ammonites  murckisonia),  and  are  the 
equivalent  of  the  Dogger  of  Yorkshire.  The  ferrugi- 
nous beds  usually  form  the  base  of  the  formation,  and 
rest  directly  on  the  Upper  Lias  clay.     The  good    ore 
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seldom  exceeds  from  8  to  10  feet  in  thickness.  It  is  a 
siliceous  brown  hematite^  usually  of  poor  quality,  but 
useful  on  account  of  the  low  price  at  which  it  can  be 
raised,  as  a  mixture  for  the  more  expensive  clay-band 
iroDstones  of  the  coal  measures. 

The  Northampton  sand  is  dug  for  iron  ore  at  Ells- 
worth, Duston,  Wellingborough,  Irthlingborough, 
Coggenhoe,  Glendon,  Finedon,  Gayton,  Brixworth, 
Woodford,  Islip,  Slipton,  Desborough,  and  Stow,  in 
Northamptonshire ;  Steeple  Ashton  and  Heyford,  in 
Oxfordshire  ;  and  Neville  Holt,  in  Leicestershire.  The 
annual  yield  of  the  different  workings  cannot  be  less 
than  700,000  tons.  The  greater  part  of  the  ore  is  sent 
away  to  South  Wales,  Derbyshire,  and  South  Stafford- 
shire, but  a  large  amount  is  also  smelted  on  the  spot  at 
Wellingborough,  Irthlingborough,  Glendon,  and  Hey- 
ford. 

Cinder  heaps  and  other  evidence  of  old  iron  work- 
ings, abound  almost  everywhere  on  the  Northampton 
sand.  Near  Oundle,  and  at  Duston,  Eoman  remains 
have  been  found  in  association  with  the  cinder  heaps. 

There  is  historical  evidence  that  in  Norman  times, 
iron  was  made  extensively  all  over  Rockingham  forest ; 
and  Rockingham  Castle  is  said  to  have  been  originally 
erected  for  the  defence  of  these  furnaces,  more  pro- 
bably to  control  the  iron  workers. 

Besides  the  localities  noticed  above,  the  Northamp- 
ton sand  covers  large  areas  in  Oxfordshire,  Northamp- 
tonshire, Leicestershire,  Rutlandshire,  and  Lincoln- 
shire, which  would  yield  immense  supplies  of  ore  if 
opened  up  by  railways. 

II.  Lincolnshire.  A.  Lower  Lias,  These  beds  form 
the  top  of  the  series  known  as  the  Lower  Lias  lime- 
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stone  and  shales  and  are  characterized  by  the  great 
abundance  of  Gryphaa  arauxla.  The  ironstone  bed, 
27  feet  thick,  is  dug  at  Scunthorpe  and  Frodingham  in 
North  Lincolnshire.  In  1869  220,524  tons  of  ore 
were  raised,  while  33,786  tons  of  pig  iron  were  made 
in  six  blast  fiimaces  on  the  spot.  Originally  the  iron- 
stone smelted  at  this  point  was  collected  in  the  form  of 
rolled  fragments  firom  the  alluvium,  and  it  was  only  on 
removing  the  cover  that  the  thick  bed  now  worked  was 
discovered. 

B.  Middle  Lias.  Two  beds  of  ironstone,  the  upper 
one  measuring  8  feet  and  the  lower  4  feet  in  thickness, 
are  met  with  in  North  Lincohishire.  They  are  pro- 
bably the  equivalent  of  some  qf  the  Cleveland  iron- 
stones. As  far  as  is  known,  they  are  not  used  at 
present.  Ironstone  probably  of  this  age  was  formerly 
worked  at  Kirton  in  Lindsey^  also  it  has  been  found  at 
a  point  N.W.  of  the  city  of  Lincoln,  and  attempts 
made  to  get  a  railway  for  the  convenience  of  working 
it.  The  marlstone  rock  in  places  forms  a  good  iron- 
stone in  South  Lincolnshire,  and  there  is  evidence  of 
its  haying  been  worked  in  ancient  times. 

C.  Northampton  Sand,  Inferior  Oolite.  This  was 
extensively  worked  in  olden  times  in  South  Lincoln- 
shire, but  at  present  no  workings  are  carried  on  in  this 
formation  anywhere  within  the  boundaries  of  the 
coimty. 

D.  "  Ironstone  junction  bed  '*  at  the  base  of  the 
"  upper  estuarine  series,"  the  equivalent  of  the  Stones- 
field  slate  of  the  south  of  England.  This  is  a  band  of 
good  ironstone,  and  although  not  more  than  a  foot  in 
thickness,  was  often  worked  in  ancient  times. 

E.  "Ironstone  balls  of  the  Great  Oolite  Clay." 

A  few  years  ago  a  considerable  quantity  of  ore  was 
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raised  from  this  formation,  which  is  the  equivalent  of 
the  Forest  marble  of  the  south  of  England,  at  Overton 
near  Peterborough :  but  the  workings  have  been  aban- 
doned on  account  of  the  large  amount  of  waste  material 
requiring  to  be  removed.  Similar  ironstone  balls  of 
good  quality  are  frequent  in  the  lower  part  of  the 
middle  and  upper  part  of  the  Lower  Lias,  but  they 
have  not  as  yet  been  turned  to  account. 

P.  Neocomian,  In  the  beds  of  the  "  Tealby  series  " 
or  Middle  Neocomian,  is  found  a  brown  ironstone 
made  up  of  oolitic  grains  exactly  similar  to  that  of 
Steinlahde  and  Osterholz,  near  Salzgitter,  in  Hanover, 
which  is  of  the  same  geological  age.  This  useful  bed 
of  ore,  averaging  6^  feet  in  thickness,  is  full  of  fossils, 
and  highly  calcareous,  yielding  from  28  to  33  per  cent, 
of  iron.  It  is  highly  valued  for  mixing  with  certain 
of  the  clay  ironstones  of  Yorkshire,  and  is  exported 
to  that  district  at  the  rate  of  100  tons  daily. 

III.  Yorkshire,  In  the  moorland  district  of  York- 
shire the  lower  ooHtes,  as  well  as  the  Has,  contain  great 
deposits  of  ironstone,  the  following  being  the  principal 
horizons  in  descending  order : — 

A.  Upper  Sandstone  Shale  and  Coal  of  Phillips, 
probably  of  the  age  of  the  great  oolite.  This  group  con- 
tains numerous  bands  of  ironstone  in  nodules,  some  of 
which  were  worked  in  ancient  times. 

B.  Lower  Sandstone  Shale  and  Coal  of  Phillips, 
equivalent  to  the  upper  part  of  the  inferior  oolite.  It 
contains  similar  nodules  to  those  in  the  upper  series. 

C.  "  Doffffer.'^  This  includes  the  lower  part  of  the 
inferior  oolite  and  the  sands  below  it,  or  "  Lias  sand  *' 
of  Dr.  Wright.  In  Rosedale  the  lower  part  of  this 
deposit  forms  a  rich  iron  ore,  often  yielding  as  much  as 
50  per  cent,  of  iron.     It  has  the  green  or  blue  colour 
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and  the  pseudo-oolitic  structure  of  the  Northampton 
sand  when  seen  in  the  unweathered  state. 

D.  Middle  Lias.  This  formation  yields  the  Cleve- 
land ironstone,  which  is  divided  into  several  beds, 
separated  by  shale.  The  total  thickness  of  ironstone 
rock  varies  firom  8  feet,  or  less,  to  20  feet,  and  the 
yield  per  acre  from  20,000  to  60,000  tons.  The  whole 
of  the  workable  ironstones  are  in  the  highest  part  of 
the  middle  lias. 

The  following  is  the  return  of  the  amount  of  iron 
ore  raised  and  consumed  in  the  United  Sangdom  for 
the  year  1869 


DiBtricts. 


Gomwall  and  Devon 
SomeiBetshire 
Gloucestershire 
Wiltshire 
Oxfordshire  . 
Northamptonshire  and  Lin- 
colnshire . 


j 


Iron  Ores. 


Sx>athic  red  and  brown 

Spathic 

Brown 

Oolitic  brown 


» 


tt 


n 


n 


Coal-fields  of  central  England 

Lancashire  and  Cumberland . 

Yorkshire      .... 

Northumberland  and  Durham 

Wales    . 

Isle  of  Man   . 

Scotland 

Ireland 

Foreign  ores 


(  Clay,  and  black  band ) 
(     and  brown     .        / 

XvOCL       *  •  .  • 

K  Clay  band  and  cleve- ) 
I  land  .  .  j 
Clay  %and  and  spathic 
Clay  band  and  brown . 
Brown 

Clay  and  black  band  . 
Black  band  and  brown 
{  Specular  red  and  ^ 
\     brown    .        .        ) 

Total      .... 


Tons. 


11,723 

27,230 

172,0.3 

104,796 

10,167 

793,284 

2,323,232 

1,832,237 

3,325,583 

159,500 

748,495 

1,292 

1.960,0C0 

66,000 

131,000 


11,656,241 


Some  of  the  quantities  are  approximations,  and  are  probably  less 
than  the  actual  produce.    (See  mineral  statistics  for  1869.) 

In  addition  to  these  ores  there  are  used  192,000  tons  of"  Purple  ore  "  ♦ 
or  residues  of  pyrites  after  the  extraction  of  copper  and  sulphur,  and 
a  large  proportion  of  the  cinder  produced  in  forges  in  rolling  miUs. 

*  An  analysis  of  this  ore  is  given  at  p.  449 
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CHAPTER  IV. 

ASSAY  AND  ANALYSIS   OF   IRON   ORES. 

In  order  to  arrive  at  the  economic  value  of  an  iron  ore, 
it  is  requisite  to  determine  not  only  its  percentage  con- 
tents of  metallic  iron,  but  the  approximate  constitution 
of  the  associated  earthy  matters  with  regard  to  their  fusi- 
bility,  and  also  the  amount  of  elements  likely  to  exert  a 
special  influence  on  the  iron  produced,  such  as  sulphur, 
phosphorus,  &c.,  which  as  a  rule  are  present  only  in  a 
small  quantity.  For  the  latter  purpose  it  is  necessary  to 
make  nse  of  the  ordinary  processes  of  quantitative 
chemical  analysis,  while  the  two  former  questions  may 
be  answered  by  means  of  the  dry  assay,  which  repro- 
duces in  miniature  the  operations  performed  on  the 
great  scale  in  the  blast  ftimace,  giving  as  a  result  the 
maximum  amount  of  cast  iron  to  be  obtained  for  the 
ore  under  the  most  favourable  conditions. 

If  it  is  desired  to  know  the  amount  of  pure  iron 
present,  recourse  must  be  had  to  the  wet  way,  either  by 
direct  determination  as  peroxide,  or  indirectly  by  the 
volumetric  method,  in  which  the  amount  of  metal  is 
deduced  from  the  number  of  measures  of  solution  of 
an  oxidising  agent  of  a  given  strength  necessary  to 
convert  the  amount  of  protochloride  of  iron  contained 
in  the  sample  dissolved  in  hydrochloric  acid  into  per- 
chloride.  This  latter  method  is  in  many  respects 
preferable  to  the  former,  and  may  be  used  with  advan- 
tage not  only  in  assaying,  but  also  in  the  complete 
analysis. 

The  method  of  conducting  these  operations  will  next 
be  briefly  noticed  under  the  following  heads : — 
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1.  Dry  Ajssay. 

2.  Wet  Assay. 

3.  Analysis. 

Dry  Asmp,  The  ore  in  a  finely  divided  state^  mixed 
with  charcoal  and  appropriate  fluxes,  is  exposed  in  a 
ciTLcible  to  a  Ml  white  heat  in  a  wind  furnace  or 
forge.  The  reduced  iron  combines  with  a  portion  of 
carbon,  forming  cast  iron,  while  the  earthy  matters  of 
the  fluxes  are  properly  adjusted  to  give  a  fusible  slag. 

The  following  method  is  recommended  by  Berthier 
to  be  used  in  the  preliminary  determination  of  the 
earthy  matters : — 

A  weighed  quantity  (about  150  grains)  of  the  ore  is 
to  be  heated  to  redness  in  a  platiniun  crucible ;  the 
loss  of  weight  gives  the  amount  of  water,  carbonic 
acid,  and  other  volatile  matters.  Another  weighed 
quantity,  in  fine  powder,  is  heated  with  very  weak 
nitric  acid,  which  dissolves  out  the  carbonates  of  lime 
and  magnesia ;  the  residue,  after  filtration,  is  weighed, 
and  contaios  only  oxide  of  iron,  clay,  and  quartz,  the 
diflTerence  giving  the  amount  of  the  earthy  carbonates. 

Lastly,  another  portion  of  ore  is  digested  in  strong 
hydrochloric  acid,  whereby  the  carbonates  of  lime  and 
magnesia  and  the  oxides  of  iron  are  dissolved,  while  the 
insoluble  residue  consists  of  quartz  and  clay.  This  is 
weighed,  and  the  oxides  of  iron  are  determined  by  the 
diflerence  of  weight  after  deducting  that  of  the  car- 
bonates of  lime  and  magnesia  previously  found.  If 
it  is  desired  further  to  determine  the  amount  of  quartz, 
the  residue  of  the  last  operation,  fused  with  three 
times  its  weight  of  a  mixture  consisting  of  equal 
parts  of  carbonates  of  soda  and  potash,  evaporated  to 
dryness  with  hydrochloric  acid  and  digested  with 
water,  whereby  the  silica  is   rendered  insoluble,  and 
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may  be  collected  on  a  filter,  dried,  ignited,  and  weighed^ 
tlie  difference  between  it  and  the  weight  of  the  total 
insoluble  residue,  gives  approximately  the  amount  of 
alumina. 

From  the  results  obtained  by  the  preliminary  inves- 
tigation, the  proportion  of  fluxes  necessary  to  be  added 
can  be  calculated,  the  object  being  to  produce  an  easily 
fusible  slag.  The  following  are  good  types  of  such 
slags : — 

2  (3  CaO.  SiO»)  +  Al^O^SiO',  with  47  lime,  15  alumina,  and  37  aiKcA 

per  cent. 

3  CaO.  2  SiO'  +  A1^0>  2SiO>,  with  30  lime,  14  alumina,  and  56  nUca 

percent. 

The  first  approximates  in  composition  to  the  average 
slag  of  a  coke  furnace ;  while  the  second,  in  like  man- 
ner, represents  that  from  a  charcoal  furnace  in  good 
working  order. 

The  following  are  the  principal  fluxes  required : — 
1.  Silica  in  the  form  of  white  glass-house  sand  or 
ground  flints,  which  are  practically  free  from  iron :  the 
purest  variety  is  that  obtained  by  crushing  and  grind- 
ing rock  crystal,  which  has  been  previously  shivered 
by  quenching  in  water  from  a  red  heat,  but  this  pro- 
cess is  troublesome  and  unnecessary.  2.  Alumina  : 
this  is  best  supplied  in  the  form  of  china  clay,  which 
contains  about  40  per  cent,  of  alumina,  47  of  sUica,  and 
13  of  water.  Before  using  it  must  be  dried  at  a  strong 
heat  and  finely  powdered.  Fire  clay  and  shale  are  also 
used,  but  have  the  disadvantage  of  containing  small 
quantities  of  iron.  3.  Lime,  either  in  the  caustic 
state,  or  as  carbonate ;  the  latter  is  more  convenient, 
either  statuary  marble,  chalk,  or  any  limestone  free 
from  iron  may  be  used.  It  may  in  some  instances  be 
advantageously  replaced    by  fluorspar,  which  forms  a 
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good  slag,  but  is  rarely  used  on  the  large  scale  in  the 
smelting  process.  Plate  or  crown  glass  £ree  from  lead 
may  be  substituted  for  sand  with  argillaoeous  ores  :  it 
contains  from  60  to  70  per  cent,  of  silica,  the  remainder 
being  lime,  potash,  and  soda.  Borax,  on  account  of  its 
great  solvent  powers,  is  not  to  be  recommended,  as 
it  is  liable  to  take  up  a  portion  of  the  iron  which 
escapes  reduction,  causing  a  loss  on  the  assay.  Clean 
blast-fiimace  slags,  such  as  are  obtained  from  a  fdmace 
on  grey  iron,  if  carefully  freed  from  any  entangled 
shots  of  metal,  may  be  used  with  advantage  in  fluxing 
rich  ores  containing  but  little  foreign  matters.  The 
best  slag  for  argillaceous  ores  is  that  resulting  from  a 
mixture  of  carbonate  of  lime  equal  to  two-thirds  of  the 
total  amount  of  clay  present. 

Although  Berthier's  method  of  approximately  deter- 
mining the  composition  of  the  ore  previous  to  the 
assay  may  in  certain  cases  be  advantageous,  it  is  not 
generally  advisable  to  adopt  it,  as  a  sufiSiciently  good  idea 
of  the  nature  of  the  fluxes  to  be  added  may  usually  be 
formed  from  the  appearances  of  the  ores  alone.  Thus, 
hematites,  both  red  and  brown,  are  generally  associated 
with  silica,  and  require  both  lime  and  alumina.  Spathic 
and  other  calcareous  ores  not  containing  day  require 
an  addition  of  silica  in  the  form  of  sand,  or  an  acid 
silicate  such  as  glass,  besides  lime  and  alumina,  while 
argillaceous  carbonates  may  be  fluxed  with  lime  alone. 
In  Sweden,  magnetic  ores  are  usually  assayed  with 
reference  to  their  self-fluxing  powers,  those  varieties  that 
contain  a  sufficiency  of  readily  ftisible  earthy  minerals, 
such  as  garnet,  idocrase,  pyroxene,  &c.,  to  form  their 
own  slags,  being  of  greater  value  than  those  requiring 
the  addition  of  fluxes. 

The  proper  apportionmefntof  fluxesmay also  beformed 
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by  the  method  of  trial  and  error,  three  or  four  equal 
weights  of  the  ore  beiug  treated  at  the  same  time  in 
the  fiimace  with  variable  additions,  according  to  the 

following  list : — 

I.  n.  m.  IV.  V. 

Silica            .         .50  50  30  45  15 

Alumina      .        .25  16  20  18  5 

lime    ...    25  34  50  37  80 

The  weight  in  all  cases  to  be  made  up  to  one-half 
of  that  of  the  quantity  of  ore   employed.     The  most 
advantageous  proportion  will  of  course  be  that  giving 
the  highest  produce. 
The  following  proportions  of  fluxes  are  recommended 

by  Plattner : — 

I.  n.  ni.  IV.  V. 

Lime    ...     10  5  25  20  — 

Fluorspar     .        .    25  25  25  20  20 

Clay  .          .        .    —  —  —  —  10 

No.  I.  is  for  use  with  magnetite ;  II.  with  specular 
iron  ore  ;  III.  with  earthy  and  siliceous  red  and  brown 
hematite,  clay  iron  ore,  and  limonite ;  IV.  with  brown 
hematite  and  forge  cinders ;  and  V.  with  spathic  ore. 

Mode  of  Conducting  the  Assay.  This  may  be  per- 
formed either  in  plain  clay  crucibles,  or  in  such  as 
have  been  lined  with  charcoal  or  brusqued.  In  the 
former  case,  from  100  to  150  grains  of  finely-powdered 
ore  are  intimately  mixed  with  the  appropriate  fluxes 
and  about  26  per  cent,  of  charcoal  powder,  and  charged 
into  a  blacklead  or  clay  crucible,  the  cover  being  luted 
on  with  clay.  It  is  then  placed  in  a  wind  furnace, 
and  subjected  to  a  moderate  heat  for  a  short  time,  in 
order  to  drive  off  any  water  and  carbonic  acid  that 
may  be  present,  after  which  the  fire  is  increased  and 
maintained  at  a  ftill  white  heat  for  an  hour.  Wher 
the  fuel  has  burnt  down,  the  crucible  is  taken  out  and 
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allowed  to  cooL  It  is  then  broken,  and  if  the  opera- 
tion has  been  properly  conducted,  a  button  of  grey 
cast  iron,  smooth  and  well  melted,  will  be  found  at  the 
bottom,  surmounted  by  a  well-melted  glassy  or  enamel- 
like slag.  It  is,  however,  necessary  to  reduce  the  slag 
to  powder  and  examine  it  with  a  magnet  for  shots  of 
metal,  which  are  to  be  added  to  the  principal  button 
and  weighed  with  it.  If  the  fluxes  have  been  impro- 
perly proportioned,  the  slag  will  be  only  imperfectly 
melted,  and  the  assay  must  be  repeated. 

The  use  of  brasqued  crucibles  is  generally  pre- 
ferable to  the  foregoing  method.  They  are  prepared 
as  follows: — ^The  hollow  of  the  crucible  is  filled 
with  charcoal  powder  rammed  down  hard,  and  ren- 
dered adhesive  by  a  slight  admixture  of  treacle  or 
starch.  When  dry,  the  cement  is  carbonised  by  heat- 
ing to  redness  in  a  covered  vessel,  and  a  compact 
smooth  mass  of  charcoal  is  obtained,  exactly  filling  the 
crucible.  A  cylindrical  cavity,  of  suflBcient  size  to  con- 
tain the  mixture  of  flux  and  ore,  is  bored  out  with  a 
spatula,  and  the  sides  are  polished  by  rubbing  with  a 
glass  rod.  After  the  introduction  of  the  assay  the  hole 
is  stopped  with  a  charcoal  plug,  and  the  cover  of  the 
crucible  is  luted  on  as  before  described.  The  weight  of 
samples  operated  upon  may  be,  as  in  the  former  case, 
from  100  to  150  grains. 

A  more  convenient  method  of  conducting  the  assay 
is  that  adopted  in  Sweden,  where  small  brasqued  cruci- 
bles, about  2  inches  high  and  1^  inches  in  diameter, 
are  used.  The  weight  of  ore  taken  being  only  10  or 
15  grains,  four  crucibles  are  placed  in  the  furnace  at 
one  time,  a  piece  of  fire  brick  about  3  inches  square 
being  used  as  a  stand  ;  coke  or  anthracite  may  be  most 
conveniently  used  as  fuel.  As  soon  as  a  white  heat  has  been 
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attained,  the  fire  is  allowed  to  go  down,  and  the  cruci- 
bles are  removed  by  Kfting  out  the  stand,  to  which  they 
are  generally  cemented  by  the  slag  of  the  fiiel  when 
sufficiently  cool.  When  cold  they  are  broken,  and  the 
buttons  of  metal  and  slag  found  in  the  cavity  of  the 
brasque  are  removed  and  separated,  the  latter  are 
crushed  in  a  steel  mortar,  and  any  further  portions  of 
iron  that  they  may  contain  are  extracted  by  the  magnet 
in  the  usual  way. 

When  the  assays  are  well  done  the  four  results 
should  not  vary  from  each  other  more  than  two  or 
three-tenths  per  cent. 

The  following  conclusions  may  be  deduced  from  the 
appearance  of  the  slag : — If  it  is  perfectly  transparent 
and  of  a  green  tint,  silica  is  in  excess ;  if  a  light 
grey  or  bluish  enamel,  or  translucent  glass,  the 
earthy  bases,  lime  and  alumina,  are  in  proper  propor- 
tion ;  but  if  stony  and  rough,  or  crystalline  in  fracture 
and  dull  in  lustre,  it  is  too  basic. 

If  the  product,  instead  of  being  melted,  is  only 
fritted,  and  contains  the  reduced  iron  interspersed  as  a 
fine  grey  powder,  both  silica  and  alumina  are  deficient 
in  the  flux,  lime  and  magnesia  being  in  excess.  The 
latter  is  one  of  the  most  refractory  substances  found  in 
iron  ores,  and,  where  present  in  quantity,  requires  an 
addition  of  both  silica  and  lime. 

A  vesicular  slag,  with  the  iron  interspersed  in  mal- 
leable scales,  indicates  the  presence  in  the  ore  of 
silicates  of  iron  and  manganese,  or  an  excess  of  silica, 
which  react  on  the  carburetted  iron  as  it  forms,  pro- 
ducing malleable  iron  and  carbonic  acid  ;  the  latter  gas 
escaping  through  the  slag,  gives  it  a  spongy  character. 
This  defect  is  to  be  corrected  by  the  addition  of  lime. 

Manganese,  when  in  small  quantity,  gives  the  well: 

f2 
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known  amethyBtine  tint  to  the  slags  ;  in  larger  propor- 
tion it  renders  them  yellow,  green,  or  brown.  The 
duller  colour  is  said  to  be  due  to  the  formation  of 
sulphide  of  manganese. 

The  fracture  of  the  button  obtained  in  the  assay  pre- 
sents indications  of  the  presence  of  foreign  bodies  much 
in  the  same  way  as  that  of  pig  iron  produced  on  the 
large  scale.  Thus  a  hard  brittle  white  metal  contains 
phosphorus ;  sulphur  produces  a  strong,  reticulated, 
mottled  structure ;  manganese  a  bright  crystalline  cha- 
racter, resembling  spiegeleisen ;  titanium  a  duller  grey, 
reticulated  texture ;  while  a  dark  grey  graphitic  metal 
shows  that  the  ores  are  easily  reducible,  or  that  a  very 
high  temperature  has  been  obtained  in  the  fiimace. 
1^0  exact  information  as  to  the  quantitative  composition 
of  the  iron  likely  to  be  produced  from  the  ore  on  the 
large  scale  can,  however,  be  directly  obtained  from  the 
assay,  as  the  conditions  under  which  it  is  performed — 
the  ore  and  fluxes  being  in  a  state  of  intimate  con- 
tact, and  the  quantity  of  fiiel  unlimited — represent  a 
favourable  combination  of  circumstances  totally  unat- 
tainable in  the  smelting  furnace. 

Wet  Assay.  When  bichromate  of  potash,  dissolved 
in  water,  is  added  to  the  acid  solution  of  a  protosalt  of 
iron,  the  latter  is  converted,  at  the  expense  of  the  oxygen 
of  the  chromic  acid,  into  a  persalt,  with  the  simultaneous 
production  of  a  potash  salt,  a  sesquisalt  of  chromium,  and 
water.  The  following  expresses  the  reaction  with  pro- 
tochloride  of  iron  dissolved  in  hydrochloric  acid : — 

6  Fea  +  7  HCl  +  KO  2  OrO«  —  3  Fe'CT  +  KCl  +  7  HO  +  Cr»Cl». 

When  a  solution  of  permanganate  of  potash  is  substi- 
tuted for  the  bichromate,  the  formula  becomes — 

10  Fea  +  8  HCl  -f  KO.MnW  «  5  Fe*Cl»  +  Ka  +  8H0  +  2  MnCl. 
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The  termination  of  tlie  reaction  can  in  either  case  be 
easily  determined.  The  permanganate  solution  is  of  a 
deep  rose-red  colour,  which  is  entirely  discharged  as 
long  as  any  protochloride  remains  unaltered;  but  the 
smallest  drop  in  excess,  owing  to  its  strong  colouring 
power,  communicates  a  decided  pink  tint  to  the  assay. 

With  bichromate  of  potash  an  indirect  method  must 
be  employed,  as  the  change  of  colour  is  not  sufficiently 
marked  to  indicate  the  moment  of  complete  peroxida- 
tion of  the  iron.  For  this  purpose,  a  very  weak  and 
nearly  colourless  solution  of  ferricyanide  of  potassium, 
or  red  prussiate  of  potash,  is  used,  which  produces  a 
bluish-green  tint  when  mixed  with  protosalts,  but  is 
unaltered  by  persalts  of  iron. 

If  in  the  above  experiments  the  oxidising  solutions 
be  made  of  a  known  strength,  and  be  supplied  from 
graduated  glass  vessels,  the  cubic  volume  consumed  in 
either  case  will  famish  us  with  a  ready  method  of 
computing  the  amount  of  iron  contained  in  the  solution 
operated  upon. 

According  to  the  laws  of  chemical  proportions,  151 
grains  of  bichromate  of  potash  correspond  to  168  grains 
of  iron  in  the  first  of  the  above  formulsB,  and  158  grains 
of  permanganate  of  potash  to  280  grains  of  iron  in  the 
second,  or  0*898  grains  of  the  former  and  0564  grains 
of  the  latter  salt  are  respectively  equivalent  to  1  grain 
of  pure  iron. 

Both  of  the  above  methods  are  used  in  practice ;  they 
are  known  after  the  names  of  the  chemists  who  intro- 
duced them — ^the  permanganate  process  as  Marguerite's, 
and  the  bichromate  as  Penny's  process.  The  latter, 
although  somewhat  the  more  complicated,  owing  to  the 
use  of  the  second  test  solution,  is  perhaps  the  more 
generally  useful  of  the  two,  its  indications  not  being 
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interfered  with  by  the  presence  of  organic  matter,  as  is 
the  case  with  the  other.  The  principal  operations  in 
the  wet  assay  of  iron  are  as  follows : — 

1.  Preparation  of  the  standard  solutions. 

2.  Solution  of  the  ore. 

3.  Reduction  of  the  iron  to  the  state  of  a  protosalt. 

4.  Oxidation  of  protosalt  of  iron  by  standard  solution. 
Preparation  of  the  Standard  Solution.     For  ordinary 

assaying  purposes  it  is  most  convenient  to  adjust  the 
solutions  in  such  a  manner  that  1,000  grains,  or  other 
unit  measures,  will  exactly  correspond  to  10  grains  or 
other  unit  weights  of  metallic  iron,  so  that  the  per- 
centage of  the  ore  may  be  found  directly  from  the 
number  of  measures  consumed  without  the  trouble  of 
calculation.  The  necessary  proportions  are  315  grains 
of  bichromate  or  197  grains  permanganate  to  half  a 
gallon  of  distilled  water.  The  latter  solution  must  be 
carefully  kept  from  contact  with  organic  matter  in  a 
glass-stoppered  bottle.  That  of  the  bichromate  is  more 
stable,  and  can  be  preserved  for  a  long  period  without 
alteration  if  protected  from  evaporation. 

When  greater  accuracy  is  required,  as,  for  example, 
in  analytical  determinations,  solutions  of  half  the  above 
strength,  1,000  measures,  corresponding  to  5  grains  of 
iron,  are  to  be  preferred. 

The  red  prussiate  solution  required  in  Penny's  pro- 
cess, must  be  very  weak,  from  2  to  3  grains  being  suf- 
ficient for  half  a  pint.  It  is  used  in  small  spots,  which 
are  dropped  on  a  white  porcelain  slab  from  the  end  of  a 
glass  rod.  A  drop  of  the  solution  under  assay  is  con- 
veyed to  the  slab  in  a  similar  manner,  and  mixed  with 
one  of  the  spots,  when  a  blue  tinge  will  be  produced  as 
long  as  any  unaltered  protosalt  of  iron  remains.  The 
addition  of  the  standard  solution   must   therefore  be 
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continued,  testing  by  drops  at  short  intervals,  until  the 
yellowish  colour  of  the  prussiate  spots  can  no  longer  be 
changed. 

When  large  quantities  of  standard  solutions  are  kept, 
it  is  necessary,  from  time  to  time,  to  readjust  them,  or, 
what  is  preferable,  to  determine  their  absolute  value. 
This  is  done  by  dissolving  a  weighed  quantity — say 
10  grains — of  bright  iron  pianoforte  wire,  which  may 
be  considered  as  containing  991  per  cent,  of  iron,  in 
hydrochloric  acid,  and  observing  the  number  of  mea- 
sures requisite  to  convert  the  protochloride  of  iron 
into  perchloride  in  the  manner  already  described.  The 
value  so  found  is  to  be  applied  in  computing  the  assays 
instead  of  the  assumed  standard.  Crystallised  proto- 
sulphate  of  iron,  FeO.  SO^  +  7  HO,  or  protosulphate 
of  iron  and  ammonia,  FeO.  SO'  +  NH*0.  S0^  salts 
soluble  in  water,  may  be  used  for  the  same  purpose. 
The  latter  salt  has  the  advantage  of  containing  exactly 
one-seventh  of  its  weight  of  iron. 

Solution  of  the  Ore,  This  may  be  conveniently  ef- 
fected in  the  conical  flat-bottomed  glass  flasks  used  by 
gold  assayers.  A  weighed  quantity,  from  10  to  20  grains, 
of  the  ore  in  a  state  of  fine  powder  is  digested  with 
strong  hydrochloric  acid  at  a  moderate  heat  for  about 
half  an  hour.  Some  varieties  of  hematite  and  magnetite 
are  very  difficultly  soluble  in  hydrochloric  acid,  but 
can  be  rendered  so,  by  a  preliminary  reduction  to  the 
metallic  state,  by  heating  to  redness  in  an  atmosphere 
of  hydrogen  or  coal-gas. 

When  the  iron  is  completely  dissolved,  any  portion 
of  it  existing  as  perchloride  must  be  reduced  to  the 
state  of  protochloride  by  the  addition  of  metallic  zinc, 
and  boiling  till  the  liquid  no  longer  shows  a  yellow 
tint. 
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Sulphite  of  soda  may  be  used  for  the  same  purpose, 
but  care  must  be  taken  to  remove  any  free  sulphurous 
acid  by  boiling  until  the  gas  is  no  longer  perceptible 
by  its  peculiar  smell.  In  either  case,  the  solution  must 
be  diluted  with  water  before  the  application  of  the 
reducing  agent. 

Determination  of  the  Iron.  The  contents  of  the  flask, 
when  cooled,  are  to  be  transferred  to  a  porcelain 
dish,  and  the  standard  solution  is  then  added  from 
a  graduated  tube  or  burette,  the  liquor  being  well 
stirred  after  each  addition,  the  termination  of  the 
reaction  being  indicated  by  the  coloration  tests  already 
described. 

Blackband  ores  dissolve  in  acid  with  separation  of 
finely-divided  carbonaceous  matter,  which  must  be 
removed  by  filtration  if  the  assay  is  to  be  made  by  the 
permanganate  process,  care  being  taken  to  prevent  per- 
oxidation of  the  iron  by  exposure  to  the  air,  by  covering 
the  funnel  with  a  glass  plate,  keeping  a  piece  of  zinc 
on  the  filter,  and  washing  rapidly  with  hot  water. 
When  the  same  ores  are  assayed  by  Penny's  process, 
the  filtration,  though  not  obligatory,  is  to  some  extent 
advantageous,  as  the  dark-coloured  suspended  particles 
interfere  with  the  exact  determination  of  the  end  of 
the  decoloration. 

Zinc  cannot  be  used  in  the  reduction  of  the  solutions 
obtained  from  ores  containing  titanic  acid,  as  it  con- 
verts theperchloride  of  titanium,  TiGl^  into  the  sesqui- 
chloride,  Ti^CP.  In  such  cases  sidphite  of  soda  is  to  be 
employed. 

The  amount  of  iron  existing  as  protoxide  in  a  miilted 
ore,  such  as  magnetite,  may  also  be  determined  by  the 
volumetric  method.  The  process  is  exactly  similar  to  an 
ordinary  assay,  except  that  the  reduction  with  zinc  or 
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sulphite  of  soda  is  omitted,  the  amount  of  protocUoride 
formed  being  in  eqniyalent  proportion  to  that  of  prot- 
oxide contained  in  the  ore.  Care  most  be  taken  to 
exclude  air  daring  the  operation.  If  a  second  deter- 
mination of  the  total  quantity  of  iron  be  then  made, 
the  amount  of  peroxide  may  be  calculated  from  the 
difference  of  the  two.  This  plan  only  grves  correct 
results  when  no  oxidising  agents,  such  as  peroxide 
of  manganese,  are  present.  As  in  the  latter  case, 
chlorine  is  eyolyed  during  the  solution  in  hydrochloric 
acid,  or  the  protochloride  of  iron  is  conyerted  into  per- 
chloride. 

Comparative  Yield  of  Dry  and  Wet  Asaat/a.  As  the 
return  of  the  dry  assay  is  made  in  cast  iron,  a  substance 
which,  as  has  already  been  stated,  is  of  yery  yariable 
composition,  containing  at  times  as  much  as  16  per  cent. 
of  other  elements,  while  the  wet  assay  expresses  the 
amount  of  pure  iron  in  the  ore,  the  results  obtained  by 
the  former  method  should  in  all  cases  indicate  a  higher 
percentage  than  the  wet  assay  of  the  same  ore.  Such 
an  excess  is  actually  obseryed  in  practice  when  the 
fluxing  lias  been  properly  conducted,  and  the  assays 
haye  been  exposed  to  a  sufficiently  high  temperature. 
The  difference  is  greatest  with  those  spathic  ores  that 
contain  a  large  quantity  of  carbonate  of  protoxide  of 
manganese,  as  a  considerable  portion  of  the  latter  metal 
is  likely  to  be  reduced  and  alloyed  with  the  iron,  giying 
rise  to  the  yariety  of  metal  known  as  spiegeleisen.  With 
ordinary  ores,  howeyer,  the  difference  is  not  so  great, 
the  excess  being  exactly  from  2  to  4  per  cent.  The 
composition  of  the  assay  buttons  cannot,  howeyer,  be 
directly  paralleled  with  that  of  the  pig  iron  likely  to 
be  obtained  from  the  same  ores  on  the  large  scale,  a» 
the  conditions  are  dissimilar  in  many  important  par- 
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ticolars.  Thus  the  assay  is  conducted  witli  a  practically 
unlimited  quantity  of  reducing  material,  and  the  ore 
and  flux  are  in  the  finest  possible  state  of  division,  and 
intimately  mixed,  so  that  the  reduction  may  take  place 
under  the  most  favourable  circumstances,  and  such  as 
are  not  always  obtainable  in  the  blast  ftimace.  Except, 
therefore^  when  conducted  as  fluxing  experiments,  the 
residta  of  the  dry  assay  are  less  valuable  than  those 
obtained  by  the  wet  assay,  which  is  in  all  cases  to  be 
preferred  when  it  is  desired  to  ascertain  the  exact 
percentage  of  iron  contained  in  the  ore. 

The  following  series  of  dry  assays  of  magnetic  ores, 
compared  with  corresponding  analytical  determinations 
of  the  iron,  show  a  different  result,  the  assays  in  almost 
all  cases  giving  a  lower  produce.  The  method  adopted 
was  a  somewhat  dissimilar  one  from  that  usually  em- 
ployed, as  the  ores  were  reduced  either  without  flux,  or 
with  at  most  5  per  cent,  of  lime. 

I.        n.      m.      rv.       v.       vi.      vn. 
Iron  by  dry  assay  69-0    580    660    660    680    59-0    71-0 
„      analysis  .  60-9    59-6   666    67*8    69-6   61-2    65-6 

*  The  chief  cause  of  these  differences  is  to  be  sought 
in  the  more  perfect  fusibility  of  the  earthy  matters  in 
some  of  the  samples.  The  whole  number  were  crys- 
talline magnetites,  associated  with  hornblende,  chlorite^ 
carbonate  of  lime,  and  quartz  from  the  Roslagen  dis- 
trict, in  Sweden. 

Analysis  of  Iron  Ores.  The  following  sketch  of  the 
processes  followed  in  the  systematic  analysis  of  uron 
ores  is  derived  from  the  ^'  Memoir  on  the  Iron  Ores  of 
Great  Britain,"  founded  on  an  elaborate  investigation 
of  English  and  Welsh  iron  ores,  conducted  by  Messrs. 
Dick  and  Spiller  in  the  laboratory  of  the  Royal  School 
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of  Mines,  under  the  direction  of  Dr.  Percy,  publiahed 
in  part  between  the  years  1856^62. 

The  chief  components  determined  in  the  analysis  of 
iron  ores  for  metallurgical  purposes  are  estimated  in 
the  following  order : — 

1.  Insoluble  Matter.  A  weighed  quantity  of  the  ore 
finely  powdered  is  digested  in  strong  hydrochloric 
acid  until  no  further  action  takes  place,  and  then 
boiled  for  fifteen  minutes  before  dilution.  The  in- 
soluble portion  is  then  separated  by  filtration,  and 
after  having  been  well  washed  with  boiling  water, 
is  dried,  separated  from  the  filter,  ignited  to  redness, 
and  weighed.  Its  subsequent  treatment  will  be  de- 
scribed further  on. 

2.  Hydrochloric  Add  Solution.  After  peroxidisation 
of  iron  by  nitric  acid,  or  chlorate  of  potash  when  neces- 
sary, the  filtrate  from  No.  1,  rendered  nearly  neutral 
with  ammonia,  is  boiled  with  an  excess  of  acetate  of 
ammonia,  and  filtered  hot.  The  precipitate  is  washed 
with  hot  water.  The  filtrate  is  received  in  a  flask 
rendered  alkaline  with  ammonia,  and  after  the  addition 
of  a  few  drops  of  bromine  is  carefuUy  corked,  and 
allowed  to  stand  for  twenty-four  hours.  It  is  then 
heated  and  rapidly  filtered.  The  precipitate  of  hydrated 
peroxide  of  manganese  is,  on  ignition,  converted  to 
mangano-manganic  oxide,  Mn^O^.  The  filtrate  from 
the  last  operation  contains  lime  and  magnesia;  the 
former  is  precipitated  by  oxalate  of  ammonia,  and  is 
either  weighed  as  carbonate,  or  sulphate :  it  is  converted 
into  the  former  by  ignition,  or  into  the  latter  by  moisten- 
ing with  sulphuric  acid,  and  heating  until  the  excess 
of  acid  is  driven  off.  The  filtrate  from  the  precipi- 
tated oxalate  of  lime  is  heated  with  phosphate  of 
soda  and  excess   of  ammonia,   and  allowed  to   stand 
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for  twenty-four  hours^  during  which  time  a  granular 
precipitate  of  phosphate  of  magnesia  and  ammonia 
separatee.  This  is  collected  on  a  filter,  and  as  it  is 
sensibly  soluble  in  pure  water,  must  be  washed  with 
water  containing  a  little  ammonia.  By  ignition,  the 
precipitate  which  has  the  composition  (2  MgO.  If  H*0.) 
PO*  loses  its  ammonia,  and  is  converted  into  bibasic 
phosphate  of  magnesia,  and  may  then  be  weighed,  and 
the  amount  of  magnesia  computed. 

The  first  precipitate  produced  in  the  hydrochloric 
acid  solution,  consisting  of  basic  acetates  of  iron  and 
alumina  and  phosphoric  acid,  is  to  be  dissolyed  in  hydro- 
chloric acid,  and  boiled  with  excess  of  caustic  potash 
in  a  platinum,  or  what  is  preferable,  a  gold  basin. 
Both  peroxide  of  iron  and  alumina  are  at  first  precipi- 
tated by  this  treatment,  but  the  latter  oxide  subse- 
quently redissolyes,  and  is  separated  by  filtration.  The 
filtrate  is  acidified  with  hydrochloric  acid,  and  boiled 
with  an  addition  of  chlorate  of  potash  for  the  purpose 
of  destrojring  any  soluble  organic  matter  due  to  the 
action  of  the  caustic  alkali  on  the  filter  paper,  nearly 
neutralised  with  ammonia,  and  finally  rendered  alkaline 
with  carbonate  of  ammonia,  when  the  alumina,  with 
some  phosphoric  acid  in  combination,  goes  down  in  an 
insoluble  form,  and  is  collected  and  weighed  after 
washing  and  ignition.  The  amount  of  phosphoric  acid 
is  determined  by  a  special  process,  and  deducted  from 
the  former  weight :  the  difference  gives  the  corrected 
amount  of  alimiina. 

The  precipitate  of  hydrate  of  peroxide  of  iron  re- 
maining after  separation  of  the  alumina  usually  con- 
tains a  small  quantity  of  silica,  and  is  therefore  not 
sul  jected  to  any  further  treatment,  as  the  amount  of 
iron  may  be  more  accurately  determined  by  standard 
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solution  of  bichromate  of  potash  in  the  manner  abreadj 
described  for  the  wet  assay. 

Determination  of  Phosphorus.  A  weighed  quantity 
of  the  ore  is  digested  with  hydrochloric  acid,  and  filtered 
from  the  insoluble  residue.  The  filtrate,  which  should  not 
be  too  acidy  is  treated  with  sulphite  of  soda  to  reduce  the 
iron  to  the  state  of  protochloride,  nearly  neutralised 
with  carbonate  of  soda,  acetate  of  soda  is  added  in  excess, 
and  the  liquid  boiled.  A  strong  solution  of  perchloride 
of  iron  is  then  added  until  the  precipitate  formed  has  a 
decidedly  red  colour.  This  precipitate,  which  contains 
all  the  phosphoric  acid  present  in  the  ore,  is,  after 
filtrai;ion  and  washing,  dissolved  in  hydrochloric  acid, 
tartaric  acid  and  ammonia  being  added  to  the  solution 
to  prevent  the  precipitation  of  the  iron.  The  phos- 
phoric acid  is  then  separated  as  phosphate  of  magnesia 
and  ammonia  by  the  addition  of  chloride  of  ammonium, 
sulphate  of  magnesia,  and  ammonia,  care  being  taken 
to  conduct  the  operation  in  the  manner  already  de- 
scribed for  the  determination  of  magnesia. 

Determination  of  Sulphur »  This  may  exist  imder  two 
different  conditions  in  the  ore,  either  as  soluble  sul- 
phates, or  sulphides  decomposable  by  hydrochloric 
acid,  or  as  bisulphide  of  iron,  which  is  not  affected  by 
that  reagent.  For  the  determination  of  the  sulphuric 
acid,  the  solution  obtained  by  digestion  of  a  weighed 
quantity  of  the  ore  in  hydrochloric  acid  is  treated  with 
chloride  of  barium,  with  the  production  of  an  insoluble 
precipitate  of  sulphate  of  baryta,  which  is  collected  on 
a  filter,  and  estimated  apart.  Iron  pyrites,  if  present, 
will  be  found  in  the  insoluble  residue,  which  is  to  be 
fused  with  nitre  and  carbonate  of  soda  in  a  gold 
crucible.  The  Aised  mass  is  then  dissolved  in  hydro- 
chloric acid,   evaporated  to  dryness,  redissolved,  and 
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filtered  from  the  insoluble  residue.  The  sulphuric  acid 
formed  by  the  oxidising  action  of  the  nitre  on  the 
pyrites  will  be  found  in  the  last  filtrate,  and  is  pre- 
cipitated by  the  addition  of  chloride  of  barium  as 
before:  100  parts  of  sulphate  of  baryta  correspond 
to  34-37  of  sulphuric  acid,  25*48  of  iron  pyrites,  or 
1375  of  sulphur. 

Analysis  of  Insoluble  Beaidm.  The  examination  of  the 
residue  insoluble  in  hydrochloric  acid,  is  not  usually 
carried  out  in  commercial  analysis,  being  generally 
returned  as  "  insoluble  siliceous  matter ; "  it  is,  how- 
ever, more  satisfactory  to  determine  its  composition, 
as  without  a  complete  analysis,  an  element  of  value  in 
the  working  of  the  ore,  namely,  the  presence  of  easily 
fusible  earthy  silicates,  such  as  garnet,  hornblende, 
&c.,  may  be  overlooked.  The  residue  from  the  first 
operation  must  be  fiised  with  four  times  its  weight  of 
carbonates  of  soda  and  potash  mixed  in  equal  pro- 
portions; the  fused  mass  is  then  dissolved  in  dilute 
hydrochloric  acid,  evaporated  to  dryness,  the  residue 
moistened  with  strong  hydrochloric  acid,  and  after 
standing  for  some  hours,  digested  with  hot  water  and 
filtered.  Silica  and  titanic  acid  are  rendered  insoluble 
by  this  treatment,  while  the  filtrate  contains  all  the 
alumina,  iron,'  lime,  and  magnesia  that  may  be  present^ 
which  are  to  be  separated  by  the  methods  already 
described. 

If  the  precipitated  silica  contains  titanic  acid,  it  may 
be  separated  from  it,  by  mixing  with  sulphuric  acid,  and 
exposure  in  a  platinxun  dish  for  several  hours  to  the 
action  of  hydrofluoric  acid  in  a  closed  lead  chamber^ 
when  the  silica  volatilises,  leaving  a  residue,  consisting 
mainly  of  titanic  acid,  in  addition  to  small  quantities 
of  alumina  and  peroxide  of  iron. 
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The  examination  for  titanic  acid  is  a  difficult  and 
troublesome  process,  as  a  certain  quantity  is  usually  dis- 
solved by  hydrochloric  acid,  goes  down  with  the  iron  in 
the  analysis  of  the  soluble  portion,  and  can  only  be 
rendered  insoluble  by  ignition.  In  like  manner,  in  the 
treatment  of  the  insoluble  residue,  a  portion  goes  into 
solution  unless  the  ^ed  mass  be  strongly  heated  before 
re-dissolving. 

Determination  of  Water.  The  accidental  or  hygro- 
scopic moisture  is  foxmd  by  exposing  a  weighed 
quantity  of  the  ore  in  powder  to  a  heat  not  exceed- 
ing that  of  boiling  water,  and  re- weighing  to  deter- 
mine the  loss.  For  combined  water  the  dried  residue 
is  placed  in  a  hard  glass  tube,  to  which  is  adapted  a 
weighed  tube  containing  fragments  of  fused  chloride  of 
calcium.  The  powder  is  then  gradually  raised  to  a  low 
red  heat,  whereby  water  and  other  volatile  matters  in 
combination  are  expelled ;  but  of  these,  only  the  former 
is  absorbed  by  the  chloride  of  calcium,  so  that  its 
amount  may  be  found  directly  by  re-weighing  the  tube. 

Determination  of  Carbonic  Acid.  This  may  be  eflTected 
by  decomposing  a  weighed  quantity  of  the  ore  with 
sulphuric  acid  in  a  small  flask  provided  with  a  delivery 
tube,  carrying  the  gas  into  a  second  flask  containing 
strong  sulphuric  acid,  which  absorbs  any  water  carried 
over.  Carbonic  acid  only  escapes,  and  is  determined 
by  the  loss  of  weight  of  the  apparatus. 

The  preceding  are  the  principal  substances  usually 
determined  in  analyses  for  metallurgical  purposes. 
The  complete  operation  is  both  difficult  and  tedious, 
involving  numerously  repeated  precipitations,  filtra- 
tionS;  and  washings,  and,  in  some  cases,  requiring 
between  thirty  and  forty  determinations  of  weight  in 
the  examination  of  a  single  ore.     The  advantages  to  bo 
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gained  from  such  analyses  are,  however,  very  great, 
especially  in  the  case  of  new  or  unknown  minerals, 
which  are  not  generally  adopted  in  the  smelting  pro- 
cess without  preliminary  chemical  investigation. 

The  analyses  of  cast  and  wrought  iron  and  steel  are 
conducted  in  a  particular  manner,  and  will  be  noticed 
after  the  description  of  the  processes  by  which  these 
metals  are  obtained. 


CHAPTER  V. 

PREPARATION  OF  IRON  ORES. 


In  England  it  is  not  usual  to  subject  iron  ores  to  any 
complex  mechanical  treatment  or  dressing,  such  as  is 
usual  with  the  ores  of  other  metals,  as  the  low  price 
of  workable  ores,  together  with  the  facility  for  obtain- 
ing Supplies,  renders  it  almost  impossible  to  improve 
poor  or  inferior  ores  advantageously.  But  on  the  Con- 
tinent, in  many  parts  of  France,  Belgium,  and  Germany, 
argillaceous  brown  iron  ores  of  low  produce  are  sepa- 
rated from  a  portion  of  the  intermixed  clay  and  sand 
by  siftdng,  crushing,  or  stamping,  and  washing.  This 
is  more  especially  the  case  with  the  lenticular  or  piso- 
litic  ores  of  the  oolitic  and  cretaceous  formations 
(bohnerz).  As  the  chief  object  is,  however,  to  remove 
such  finely-divided  matters  as  can  be  carried  away  by 
a  stream  of  water  from  the  larger  masses  of  ore,  the 
breaking  machinery  must  be  so  combined  as  to  produce 
the  smallest  amount  of  dust.  Boiler-crushing  mills 
are  therefore  to  be  preferred  to  stamps.  Irregular 
hollow  nodules  of  brown  iron  ore,  such  as  foimd  in  the 
Ghreensand  formation,  and  other  sandy  limonites,  may  be 
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separated  from  the  adherent  sand  by  dry-sifting ;  and 
by  cracking  the  nodules^  a  further  portion  of  loose  sand 
will  often  fall  out  of  the  interior. 

The  machinery  used  for  washing  iron  ores  is  gene- 
rally of  a  very  simple  character.  The  commonest 
arrangement  consists  of  a  horizontal  shafts  armed  with 
projecting  knives  or  paddles,  revolving  in  a  cylindri- 
cal  trough,  through  which  a  stream  of  water  is  kept 
flowing.  The  rough  ore,  after  being  well  mixed  up 
with  the  water  by  the  action  of  the  paddles,  is  carried 
by  the  stream  into  a  settling  launder  or  pit,  where  the 
heavier  masses  of  clean  ore  deposit,  while  the  finely- 
divided  earthy  matter  is  carried  off  with  the  waste 
water.  When  fine-grained  soft  ochreous  ores  are  sub- 
jected to  washing,  a  large  quantity  of  finely-divided 
hydrated  peroxide  of  iron  is  Kable  to  be  carried  off  by 
the  stream,  together  with  the  clay.  In  such  cases  it 
is  necessary,  if  it  is  desired,  to  avoid  a  considerable  loss 
of  iron,  to  collect  the  slimes  in  catch-pits,  and  subject 
them  to  further  treatment.  An  instance  of  this  kind 
is  fiimished  in  the  preparation  of  the  ores  produced  at 
the  Cornelia  mine,  near  Stolberg,  in  Rhenish  Prussia, 
where  argillaceous  yellow  ochreous  ore,  after  a  pre- 
liminary spalling  or  breaking  by  hand,  is  subjected 
to  the  action  of  a  vertical  rotating  agitator  in  a 
circular  trough,  through  which  a  constant  current 
of  water  is  kept  flowing.  The  fine  muddy  particles 
are  removed  by  the  stream,  while  the  ore  remaining 
behind  is  thrown  on  to  an  iron  riddle,  and  the  small 
pieces  falling  through  are  washed  in  a  slightly  in- 
clined plane  in  a  stream  of  water.  The  slime,  together 
with  that  &om  the  former  operation,  is  carried  into 
settling  pits,  and  deposits  a  ferruginous  mud,  which, 
when  sufficiently  dry,  is  moulded  into  bricks  and  burnt. 
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yielding  a  product  contaming  from  40  to  43  per 
cent,  of  iron.  The  production  is  about  25  tons  per 
day  of  twelve  hours,  at  a  cost  of  17«.,  or  7^d.  per 
ton,  for  washing.  It  is  obvious  that  the  above 
process  is  not  susceptible  of  being  applied  to  any 
gneat  extent,  a  certain  binding  quality  being  neces- 
sary in  order  to  give  bricks  of  sufficient  cohesive 
strength  to  withstand  the  crushing  effect  of  a  high 
blast  furnace.  This  difficulty  has  hitherto  prevented 
the  smelting  of  certain  finely-divided  ores  of  high 
percentage,  such  as  the  magnetic^  and  titaniferous  iron 
sands  of  New  Zealand  and  the  St.  Lawrence  coasts  of 
liabrador,  as,  if  used  alone,  they  either  stop  the  draught 
of  the  furnace  altogether,  or  are  blown  out  at  the 
throat,  if  the  blast  be  increased  to  overcome  the  ob- 
struction. Various  plans  have  been  proposed  for  mix- 
ing these  sands  with  clay  or  other  binding  materials, 
but  hitherto  without  success,  on  account  of  the  great 
expense  when  compared  with  the  value  of  the  product 
obtained,  whose  price  wiU  of  course  be  measured  by 
the  local  cost  of  ores  fit  for  smelting  without  prepara- 
tion. 

In  Belgium  the  washing  of  iron  ores  is  conducted  in 
inclined  cylindrical  drums  of  cast  iron,  32  inches 
diameter,  and  6^  feet  long,  armed  internally  with 
projecting  spikes,  which  are  made  to  rotate,  while 
the  ore  is  fed  in  at  the  upper  end,  a  stream  of  water 
passing  through  at  the  same  time.  The  particles  of 
ore  and  clay  loosened  by  the  tearing  action  of  the 
spikes,  are  discharged  at  the  lower  end  into  a  trough, 
where  they  are  separated  by  a  current  as  in  the  pre- 
ceding instances.  In  Wurtemberg  and  Baden  pisolitic 
brown  iron  ores  contained  in  a  ferruginous  and  calca- 
reous marly  matrix   are  cleaned   by  the  method  of 
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jigging,  hand  sieves,  of  one-twelfth  of  an  inch  aperture, 
being  employed,  which  are  subjected  to  a  gyrating 
motion  in  a  tub  of  water.  The  cleaned  grains  of  larger 
size  remain  on  the  sieve,  while  the  fine  stuff  sinks  in 
the  tub,  depositing  a  second  quality  of  ore  or  hutch- 
work  in  the  tub:  the  waste  slime  is  allowed  to  run 
oflf  by  a  hole  near  the  bottom.  By  the  adoption  of  some 
of  the  newer  forms  of  jigging  machinery  this  process 
may  be  made  continuous  in  its  action,  but  only  by  an 
increased  consumption  of  washing  water,  and  corre- 
sponding loss  of  material,  to  which  must  be  added  the 
interest  on  capital  and  cost  of  maintenance  of  machinery. 
In  most  cases,  therefore,  it  will  be  found  preferable  to 
work  in  the  furnace  with  ores  of  lower  produce,  when 
they  are  not  inadmissible  from  excess  of  actually  de- 
leterious ingredients,  such  as  iron  pyrites,  phosphate 
of  lime,  &c.,  rather  than  to  concentrate  them  by 
mechanical  means  to  a  higher  produce.  An  example  of 
this  is  furnished  by  the  magnetiferous  dolerite  of  Taberg 
in  Sweden,  containing  from  25  to  30  per  cent,  of  iron. 
This,  when  concentrated  by  dressing  to  43  per  cent., 
gave  a  product  which,  on  account  of  its  finely  divided 
state,  worked  so  badly  in  the  furnace,  that  it  was  found 
to  be  better  to  smelt  it  in  its  natural  condition,  the 
expense  due  to  the  increased  consumption  of  fuel  being 
compensated  by  greater  facility  in  treatment. 

Weathering,  The  argillaceous  ores  of  the  coal 
measures  occurring  in  nodules,  are  often  difficult  to 
separate  from  adherent  fragments  of  shale  when  first 
raised ;  if,  however,  they  be  exposed  to  the  action  of 
the  air  for  some  time,  superficial  oxidation  takes  place, 
the  shale  disintegrates,  and  can  readily  be  removed, 
lu  like  manner,  ores  containing  sulphides,  such  as 
copper,  iron,  and  magnetic  pyrites,  when  exposed  to 
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atmospheric  air  and  moisture,  give  ri^  to  soluble 
sulphates  which  may  be  partially  removed  by  rain. 
The  beneficial  efiFect  of  this  process,  which  applies  more 
particularly  to  spathic  ores,  may  be  increased  by  water- 
ing the  heaps  during  dry  weather,  for  the  purpose  of 
washing  out  the  soluble  salts  formed,  also  turning  them 
over  to  expose  fresh  surfaces  from  time  to  time.  In 
the  Harz,  hard  silicated  ores  are  subjected  to  this  treat- 
ment for  a  period  of  several  years  before  smelting,  but 
such  a  course  could  only  be  followed  in  works  where 
the  yield  is  comparatively  small.  Spathic  ores,  at  the 
same  time,  undergo  a  superficial  alteration  by  exposure, 
being  converted  into  brown  hematite.  The  same  change 
takes  place  in  a  slight  degree  with  nodules  of  clay  iron 
ores,  especially  such  as  contain  no  carbonaceous  matter. 
In  all  cases  where  ores  are  allowed  to  weather,  care 
must  be  taken  not  to  push  the  process  too  far,  as  in 
some  instances  absolute  disintegration  into  small  frag- 
ments or  powder  ensues,  if  the  exposure  be  continued 
for  too  great  a  length  of  time.  This  remark  applies 
specially  to  ores  containing  carbonate  of  lime,  which, 
if  exposed  to  the  air  for  any  length  of  time  after  cal- 
cination, fall  to  pieces,  on  account  of  the  slacking  of 
the  caustic  lime,  produced  by  the  decomposition  of  the 
carbonate  in  the  roasting  kiln.  Such  ores  should,  there- 
fore, be  carefiiUy  covered  if  not  required  for  inmiediate 
use  in  the  blast  furnace. 

At  Dsenberg,  in  the  Harz,  pyritic  and  siliceous 
hematite  and  magnetite,  after  crushing  and  washing, 
are  exposed  to  the  air  for  a  period  of  from  two  to  three 
years,  in  heaps  from  2  to  3J  feet  high,  during  which 
time  they  are  repeatedly  washed' with  water.  After- 
wards they  are  again  passed  through  the  crusher,  and 
exhausted  with  water  during  a  whole  summer  season. 
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if  pyrites  exist  in  quantity.  At  Altenau,  ores  of  a 
similar  character  are  prepared  by  laying  out  in  the  air 
for  one  year,  without  the  addition  of  water,  after  com- 
ing from  the  roasting  kiln. 

At  Golrad,  in  Styria,  spathic  ores  are  exposed  to  tho 
weather  for  a  period  of  five  years  before  being  deli- 
vered to  the  smelter,  during  which  time  the  amount  of 
sulphur  is  reduced  from  3'68  to  0*20  per  cent. 

The  presence  of  carbonate  of  lime  in  these  ores  is  a 
great  obstacle  to  the  removal  of  the  sulphur  by  the 
action  of  water  after  roasting,  as  the  caustic  lime 
formed,  decomposes  the  sulphates  of  iron  and  copper 
with  the  production  of  gypsum  and  hydrated  oxides,  or 
basic  sulphates,  which  latter  are  insoluble  in  water,  and 
cannot,  therefore,  be  removed  by  mere  washing.  The 
same  is  true  of  the  gypsum,  which  although  soluble, 
is  not  to  the  same  extent  as  the  sulphate  so,  whose 
expense  it  is  formed. 

According  to  Liiders,  from  2  to  3  per  cent,  of  lime 
and  magnesia  in  a  spathic  ore  is  sufficient,  when  the 
sulphur  does  not  exceed  from  0*3  to  0*6  per  cent.,  to 
combine  with  the  sulphuric  acid,  and  to  decompose  the 
sulphate  of  copper  formed  by  roasting — four  parts  of 
sulphur  combining  with  seven  of  lime  to  form  gypsum. 
"With  larger  amounts  of  pyrites,  when  the  quantity  of 
sulphur  is  increased  to  1*2  per  cent.,  the  lime  and 
magnesia  are  only  sufficient  to  take  up  the  sulphur 
set  free  by  roasting,  while  the  sulphate  of  copper 
formed  remains  undecomposed,  and  can  be  removed  by 
washing  with  water.  These  reactions  are  suffioieut  to 
account  for  the  common  presence  of  copper  iu  pig  iron 
smelted  from  spathic  ores. 

The  removal  of  phosphoric  acid  from  iron  ores  by 
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means  of  hydrochloric  acid  after  roasting  has  been 
tried,  but  cannot  be  done  to  profit.  Sulphurous  acid  is 
used  for  the  same  purpose  at  Kladno,  in  Bohemia — ^it  is 
said  with  successful  results. 

Ironstone  Breakers.  In  order  to  attain  the  greatest 
regularity  in  working  blast  furnaces,  it  is  advisable  that 
all  charges  of  ores  and  fluxes  should  be  reduced  to 
fragments  of  nearly  imiform  dimensions.  The  size  of 
the  fragments  should  be  proportioned  to  the  height 
of  the  furnace,  and  the  greater  or  less  susceptibility  or 
reduction  of  the  ore.  Thus  in  large  furnaces,  such  as 
those  of  the  hematite  districts  in  Lancashire,  it  is  found 
convenient  to  break  both  ore  and  fluxes  to  the  size  of 
ordinary  road  metal,  or  cubes  from  1^  to  2  inches  in 
the  side.  In  Sweden,  hard  magnetic  ores,  after  roasting, 
are  crushed  to  about  f  to  1  inch  cubes.  The  Cleveland 
furnaces,  as  a  rule,  take  the  ore  in  much  larger  blocks, 
often  as  much  as  4  or  6  inches  in  the  side.  The  limits 
in  either  direction  are  to  be  determined  by  a  comparison 
of  conditions,  which  are  different  in  each  district,  the 
larger  masses  being  only  adapted  for  tall  furnaces, 
where,  by  the  slow  descent  of  the  charges,  sufficient 
time  is  allowed  for  the  heat  to  penetrate  to  the  interior, 
%t  the  same  time  that  a  free  passage  is  afforded  to  the 
upward  current  of  gases.  Smaller  pieces,  on  the  other 
hand,  although  exposing  a  greater  surface  to  the  action 
of  the  reducing  gases,  pack  closer  together,  and  offer 
greater  resistance  to  the  blast. 

The  reduction  in  size  may  be  effected  either  bj 
manual  or  mechanical  means ;  but  there  are  probably 
very  few  iron-making  districts  in  the  world  where  the 
former  method  can  be  applied  at  the  present  day,  unless 
it  is  requisite  to  combine  the  breaking  with  hand-pick- 
ing in  the  removal  of  injurious  substances,  such  as 
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heavy-spar,  &c.  Of  the  various  meclianical  methods 
of  breaking,  the  most  advantageous  are  roller  crushers, 
and  the  new  lever  machine,  known  as  Blake's  rock 
breaker.  Tilt  or  other  forms  of  lever  hammers  may 
also  be  used,  while  stamps  are  in  most  cases  objection- 
able,  except  with  very  hard  ores,  from  their  pulverising 
action,  producing  a  proportionably  larger  quantity  of 
dust.  This  may,  to  a  certain  extent,  be  avoided  by 
substituting  a  grated  floor  for  the  stamp-heads  to  work 
upon,  instead  of  the  ordinary  solid  bed,  so  that  the 
fragments,  as  soon  as  they  are  broken  suj£ciently  small, 
fall  through  the  spaces  between  the  bars,  without  being 
subjected  to  an  unnecessary  amount  of  pounding. 

At  Finspong,  in  Sweden,  a  tilt-hammer,  striking  60 
blows  per  minute,  breaks  from  15  to  16  cwts.  per  hour 
to  f  inch  size.  The  ores  are  magnetite  and  specular 
schist,  which  have  been  previously  roasted. 

Crushing  Rollers  are  used  to  a  considerable  extent 
for  breaking  iron  ores,  having  the  advantage  of  pro- 
ducing fragments  of  a  tolerably  uniform  size  without 
much  dust.  It  is  essential,  however,  that  the  material 
operated  upon  should  not  be  too  hard ;  they  are  there- 
fore better  adapted  for  roasted  than  raw  ores.  As  an 
example  of  a  large  ironstone  crusher  of  this  form  may 
be  mentioned  that  at  Eisenerz,  in  Styria,  employed 
for  breaking  spathic  ores  after  roasting.  It  has  a  single 
pair  of  rolls,  18  inches  in  diameter  and  12  inches  wide, 
whose  bearings  are  carried  on  spring  beams,  which 
allow  a  certain  play  to  the  rolls,  in  case  of  the  resistance 
being  increased  by  the  introduction  of  lumps  of  raw 
stone  by  mistake.  The  rolls,  being  set  to  a  distance 
of  about  1|  inches,  receive  the  roasted  ore  in  lumps  of 
firom  20  to  30  cubic  inches,  and  deliver  it  at  a 
maximum  size  of  4  to  5  cubic  inches,  from  IJ  to  If 
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inch  cube.  When  making  36  revolutions  per  minute^ 
the  amount  passed  through  per  hour  is  about  40  tons ; 
but  increasing  the  opening  to  If  inches  and  the  number 
of  revolutions  to  40  or  42,  from  60  to  75  tons  maj  be 
broken  in  the  same  time,  the  amount  of  power  expended 
in  either  case  being  19  and  24  horse  power  respectively. 

Blake's  rock  breaker  resembles  an  ordinary  pair  of 
nat*crackers,  supposing  one  jaw  to  be  fixed  to  a  vertical 
framing,  while  the  opposite  one  receives  a  reciprocating 
motion  about  its  hinge.  This  is  effected  by  means  of 
a  powerful  combination  of  levers  actuated  from  a 
rotating  shaft.  The  hcea  of  the  jaws  are  corrugated 
into  shallow  Y-shaped  grooves,  placed  in  parallel 
vertical  lines.  At  every  revolution  of  the  crank,  the 
movable  jaw  advances  about  f  of  an  inch  toward 
the  fixed  jaw,  and  returns.  During  the  latter  part  of 
the  stroke,  the  stone  grasped  between  the  two  jaws 
falls  into  the  space  provided  by  the  withdrawal  of  the 
movable  one,  and  receives  and  is  subjected  to  an  in- 
tense grinding  pressure  at  the  next  bite,  and  so  on 
imtil  it  is  broken  sufficiently  small  to  pass  out  at  the 
bottom.  At  the  Kirkless  Hall  iron  works,  near  Wigan, 
one  of  these  machines,  of  20  inches  breadth  of  face, 
and  capable  of  taking  in  stones  not  exceeding  7 
inches  in  thickness,  making  from  200  to  250  revolu- 
tions per  minute,  breaks  up  red  hematite  ore  and  lime- 
stone for  the  furnaces  at  the  rate  of  between  10  and 
12  tons  per  hour.  The  size  of  the  fragments  delivered 
is  about  l|-inch  cube.  A  larger  machine  of  the  same 
construction,  with  a  top  aperture  of  20  inches  broad 
and  10  inches  wide,  used  entirely  for  crushing  limestone, 
reqxiires  16-horse  power  to  drive  it. 

At  Wyandotte  iron  works,  near  Detroit,  and  all  the 
charcoal  fumaoes  on  Lake  Superior,  the  same  machine 
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is  used  for  breaking  the  hard  red  slaty  hematite  noticed 
at  p.  66  as  occurring  in  the  Huronian  rocks,  near 
Marquette.  This  is  a  very  intractable  material,  as  it 
combines  both  hardness  and  toughness  in  a  high 
degree.  The  lower  comers  of  the  movable  jaw  are 
often  brok^i  off  during  the  crushing.  The  crushing 
faces  are  movable,  so  that  they  can  be  replaced  when 
worn  out  or  broken.  The  greatest  durability  is  ob- 
tained by  the  use  of  a  metal  composed  of  strong  mottled 
iron,  with  a  proportion  of  Franklinite  spiegeleisen,  the 
wearing  surfaces  being  strongly  chilled. 


CHAPTER  VI. 

ROASTING   OR   CALCINATION   OF   IRON  ORES. 

With  the  exception  of  massive  red  hematite  and  cer- 
tain varieties  of  magnetite,  it  is  ujsual  to  subject  all 
kinds  of  iron  ores  to  the  process  of  roasting  before 
smelting.  The  advantages  gained  by  this  operation 
are  of  two  kinds :  the  amount  of  iron  is  concentrated 
into  a  smaller  weight  by  the  removal  of  water,  carbonic 
acid,  and  other  volatile  matters  ;  and,  as  the  fragments 
of  mineral  retain  their  form,  they  are  rendered  porous 
and  more  readily  susceptible  of  being  changed  in  the 
subsequent  operations  in  the  furnace.  Another  object 
is  the  decomposition  of  sulphides,  such  as  iron  pyrites, 
&c.,  which  are  altered  by  heating  iu  an  oxidising 
atmosphere  to  oxides,  the  whole  of  the  sulphur  being 
volatilised  if  the  temperature  be  sufficiently  high. 
Protoxide  compounds,  such  as  the  protocarbonate  of 
iron,  absorb  oxygen,  and  are  partially  peroxidised,  with 
the  production  of  magnetic  oxide.    The  same  change 

G 


122  METALLURGY   OF   IRON. 

takes  place  in  a  less  degree  with  magnetite,  the  hard 
black  Swedish  varieties,  after  calcination,  occasionally 
presenting  an  outer  red  crust  of  peroxide.  This  ab- 
sorption of  oxygen,  though  to  a  certain  extent  dis- 
advantageous when  considered  in  reference  to  economy 
of  fuel,  as  peroxide  of  iron  requires  a  greater  quantity 
of  carbon  for  its  reduction  to  the  metallic  state  than 
the  protoxide,  has  an  important  practical  advantage,  as 
the  higher  oxide  is  almost  indifferent  in  its  relations  to 
silicas  at  high  temperatures,  while  the  protoxide  enters 
readily  into  combination  under  similar  conditions,  with 
the  production  of  a  highly  basic  slag,  which  can  only 
be  reduced  to  the  metallic  state  with  difficulty. 

The  various  methods  of  roasting  iron  ores  may  be 
classified  under  three  different  heads,  namely  : — 

1.  Roasting  in  clamps  or  piles  in  the  open  air 

2.  Boasting  in  the  open  air,  the  heat  being  confined 
between  walls. 

3.  Boasting  in  fiimaces  or  kilns. 

The  first  of  the  above  methods  is  principally  used  in 
localities  where  fiiel  is  cheap  when  compared  with  the 
price  of  labour,  but  is  in  many  respects  disadvantageons, 
on  account  of  the  waste  of  fuel  and  the  imperfect  dis- 
tribution of  the  heat,  the  interior  of  the  piles  often 
being  heated  to  excess,  with  a  partial  fiision  of  the  ore, 
when  the  outer  parts  have  only  attained  the  proper 
temperature. 

In  Staffordshire  and  South  Wales  clamps  are  effected 
in  the  following  manner  :-^^A  bed  of  coal,  a  few  inches 
in  thickness,  is  laid  upon  a  level  surface,  and  covered 
with  a  layer  of  ironstone  from  10  to  12  inches  in 
depth ;  this  is  succeeded  by  fresh  layers  of  coal  and 
stone,  till  the  pile  has  reached  a  height  of  4  or  5  feet. 
The  heap  is  then  lighted  at  the  bottom,  and  continues 
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to  bum  until  the  whole  of  the  fuel  is  consumed.  If  the 
fire  should  come  to  the  surface  too  rapidly,  the  draught 
must  be  checked  by  damping  the  spot  with  small  ore 
or  ashes,  otherwise  a  partial  fiision  may  take  place,  and 
the  lumps  of  stone  become  clotted  together.  About  2^ 
cwt.  of  small,  and  ^  cwt.  of  large  coal  are  consumed 
per  ton  of  ore  roasted.  The  loss  of  weight  is  from 
28  to  33  per  cent.,  an  amount  that  is  made  up  of  the 
water  and  carbonic  acid  driven  off,  diminished  by  the 
oxygen  taken  up  in  the  conversion  of  the  protoxides  of 
iron  and  manganese  into  magnetic  oxides. 

Blackband  ironstones  usually  contain  sufficient  car- 
bonaceous matter  to  effect  the  roasting  without  any 
additional  fuel :  a  layer  of  coal  slack  is,  however, 
generally  placed  at  the  base  of  the  pile  to  start  the  com- 
bustion. In  Scotland  and  Staffordshire  the  piles  are 
usually  made  of  a  trapezoidal  form,  3  to  9  feet  in  height. 
The  smaller  dimensions  are  to  be  preferred  for  the  more 
highly  carbonaceous  ores,  in  order  to  avoid  the  produc- 
tion of  too  high  a  temperature.  The  spathic  carbona- 
ceous ores,  known  in  South  Wales  as  coal-brasses,  appear 
to  be  peculiarly  liable  to  fusion  in  calcination,  although 
containing  neither  sulphur  nor  silica^  from  the  produc- 
tion of  a  ftisibleferrite  of  magnesia,  MgO  +  Fe^O^ 

In  Westphalia,  blackband  is  roasted  in  heaps  120  feet 
long,  30  feet  broad,  and  4  feet  high,  enclosed  between 
walls  built  up  of  the  larger  lumps,  small  square  openings 
being  left  at  intervals  of  12  feet  along  the  sides.  These 
draught-holes  communicate  with  passages  3  feet  deep  in 
the  interior  of  the  heaps,  which  are  filled  with  wood. 
Small  ore  is  heaped  against  the  sides  of  these  passage?, 
and  the  larger  blocks  are  placed  towards  the  middle,  in 
order  to  guide  the  flame  as  much  as  possible  into  tho 
heart  of  the  pile.     After  the  wood  has  burnt  down,  and 
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the  heap  is  fully  ignited,  the  wall  is  pulled  down,  and 
the  debris  are  thrown  upon  those  places  where  the  fire 
shows  a  tendency  to  come  to  the  surface  too  quickly, 
in  order  to  damp  it.  A  heap  of  the  above  dimensions, 
containing  from  500  to  700  tons,  takes  about  a  month 
to  bum  out. 

When  pyrites  and  coaly  matter  are  present  in  large 
quantities,  the  heaps  are  only  made  2  feet  high,  in  order 
to  prevent  fusion  in  the  interior ;  in  such  cases  tho 
lumps  nearest  the  surface  do  not  become  sufficiently 
heated.  In  order  to  finish  the  roasting,  therefore,  a 
second  layer,  of  2  feet  in  thickness,  is  placed  above  the 
first  as  soon  as  combustion  ceases,  while  the  pile  is  still 
hot ;  and,  in  some  cases,  a  third  after  the  second  has 
burnt  out,  the  fire  being  started  in  the  additions  by 
a  few  pieces  of  firewood,  upon  which  red-hot  masses  of 
ore  are  shovelled.  If  the  roasting  does  not  proceed 
uniformly  the  hottest  places  are  checked  by  damping 
with  small  ore,  while  those  that  are  cold  and  black  are 
started  afresh  by  digging  a  hole  in  the  pile,  and  filling 
it  up  with  red-hot  stones  irova  below.  The  loss  of 
weight  varies,  with  the  amount  of  carbonaceous  matter 
in  the  ore,  from  26  to  60  per  cent. 

Grundmann  recommends  that  the  heaps  should  be 
covered  with  a  coating  of  small  ores  when  they  con- 
tain much  pyrites,  in  order  to  condense  the  sulphur 
volatilised  without  oxidation,  in  consequence  of  the  re- 
ducing atmosphere  produced  by  the  combustion  of  the 
coaly  matter  preventing  the  formation  of  sulphurous 
acid.  The  coating  is  then  carefully  removed  and 
thrown  away,  unless  it  be  of  sufficient  value  to  be  used 
as  a  sulphur  ore.  The  sulphates  remaining  in  the  heap 
are  removed  by  long-continued  exposure  to  the  air,  and 
occasionally  watering.     Another  point  to  be  attended 
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to  in  Bucli  cases  is  to  pile  the  blocks  of  ore  with  their 
planes  of  stratification  npright,  and  not  on  their  na- 
tural bed,  as  the  pyrites  contained  in  these  ores  is 
usnally  fonnd  interspersed  in  patches  between  these 
divisional  planes,  so  that,  by  placing  them  on  end,  the 
escape  of  sulphur  vapours  is  facilitated. 

The  second  method  of  roasting  between  walls  (atadeln) 
differs  but  little  from  that  of  open  heaps  or  clamps — 
the  heap  being  enclosed  by  vertical  walls,  forming 
three  sides  of  a  square  or  rectangular  figure,  and  usually 
having  an   inclined  floor.     The  height  of  the  walls 
varies,  vdth  the  nature  of  the  ores,  between  6  and  12 
feet;  two  ranges  of  draught-holes,  of  3  to  4  inches 
square,  being   pierced  through  them    about    3    feet 
vertical  distance  apart,  the  lower  series  being  close  to 
the  level  of  the  ground.     When  the  enclosed  area  is 
very  large,  it  is  necessary,  in  order  to  promote  regu- 
larity of  burning,  to  build  up  the  large  masses  of  ore 
so  as  to  form  a  series  of  air-shafts  in  the  interior  of  the 
heap,  to  which  the  air  has  access  through  a  system  of 
flues  in  the  floor.     This  method  of  roasting  is  not  iii  use 
in  this  country,  but  is  practised  in  the  Harz  to  some  ex- 
tent.   The  enclosing  walls  form  in  reality  an  imper- 
fectly enclosed  kiln,  and  there  is   some  saving  in  the 
amonnt  of  friel  consumed,  as  compared  with  open  piles. 
At  Ilsenburg,  in  the  Harz,  clay  ironstones  are  roasted 
in  this  manner,  v^ith  a  consimiption  of  charcoal  dust  or 
braise  to  the  extent  of  6  or  8  per  cent,  of  the  weight  of 
the  ore. 

Roasting  in  FumaceB  or  EMna,  This  method  is  gene- 
rally to  be  preferred,  when  economy  of  fiiel  is  of  im- 
portance, as  the  heat  of  combustion  is  more  perfectly 
ftppUed,  and  a  more  uniform  product  is  obtained,  than 
is  the  case  witJi  the  ruder  methods  previously  noticed. 
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The  oonstructioii  of  the  kilns  used  in  different  disiriets 
varies  considerably,  as  will  be  seen  by  a  few  de- 
tailed examples  following,  but  the  principle  of  working 
is,  in  the  main,  the  same  everywhere— the  ore  being 
piled  above  a  thin  bed  of  ^el  at  the  bottom  of  the  Viln. 
shaft,  which  may  be  conical,  cylindrical,  barrel,  or 
wedge-shaped  in  form,  and  when  ignited  is  covered 
with  layers  of  ore  and  fuel  alternately  until  the  shaft 
is  Aill  to  the  top  or  throat.  The  ore  roasted  by  the 
combustion  of  the  fuel  at  the  bottom,  where  the  air  has 
access  to  the  kiln,  is  withdrawn,  and  the  next  layer 
falls,  the  deficiency  being  made  good  by  fresh  charges 
at  the  top.  In  some  instances,  though  not  commonly, 
the  heat  is  kept  up  by  fuel  burnt  on  side  grates,  so  that 
only  the  flame  has  access  to  the  interior  of  the  kiln. 
Another  plan,  used  to  a  considerable  extent  in  Sweden, 
consists  in  the  substitution  of  the  waste  gas  of  the 
blast  Aimace  instead  of  solid  fuel. 

Kilns,  when  of  a  moderate  size,  are  most  conve- 
niently made  either  of  a  conical,  cylindrical,  or  any 
similar  form  presenting  circular  horizontal  sections, 
l^'or  larger  sizes,  however,  as  it  is  foim^d  difficult  to 
maintain  a  uniform  temperature  over  circular  areas  of 
great  diameter,  the  ore  in  the  centre  is  liable  to  get  too 
hot.  It  is  preferable  to  build  them  of  flattened  elliptical 
sections,  or  rectangular  with  the  comers  rounded  off. 

At  Dowlais,  in  South  Wales,  the  kilns  used  are  of  a 
flattened  elliptical  plan  (rectangular  with  semicircular 
ends),  contracted  from  9  feet  in  width  at  the  top  to 
2  feet  at  the  bottom.  The  length  is  20  feet,  and  the 
height  18  feet.  The  floor  is  made  of  cast-iron  plates 
2  inches  thick,  and  the  interior  is  lined  with  fire- 
bricks, with  an  exterior  casing  of  rough  masonry. 
Two  arched  passages,  slightly  splayed  outwards,  are 
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left  in  the  lower  part  of  the  masonry,  on  one  side 
extending  back  to  the  inner  fire-brick  lining,  which 
is  perforated,  within  the  space  covered  by  the  arches, 
by  four  rectcmgular  openings  at  the  floor  level  for  with- 
drawing the  calcined  ore,  as  well  as  by  a  numerous 
series  of  smaller  holes  above,  which  serve  for  the  admis- 
sion of  air.  The  top  edge  of  the  kiln  is  covered 
by  a  flanged  cast-iron  ring,  which  protects  the  brick- 
work from  abrasion  by  the  lumps  of  stone  in  filling. 

The  method  of  working  is  as  follows :  two  or  three 
small  coal  fires  having  been  lighted  on  the  floor  of  the 
kiln,  raw  ironstone  is  placed  on  the  top  and  around 
them  until  the  whole  is  covered  by  a  layer  about  9 
inches  thick ;  when  this  has  attained  a  dull  red  heat, 
a  second  layer  is  added,  with  about  5  per  cent,  by 
weight  of  small  coal,  and  so  on,  fresh  layers  of  stone 
being  added  as  soon  as  the  preceding  charge  has  been 
heated  to  redness.  When  the  kiln  is  completely  filled, 
the  lowest  portion  will  be  sufficiently  cold  and  fit  for 
drawing.  The  capacity  of  a  kiln  of  the  dimensions 
given  above  is  about  70  tons,  and  will  calcine  146  tons 
weekly,  so  that  the  average  time  of  burning  the  charge 
is  about  three  days  and  a  half.  The  consumption  of 
small  coal  is  at  the  rate  of  1  cwt.  per  ton  of  ore, 
whereas  in  calcining  in  piles  or  clamps  2  cwt.  of 
small  and  j  cwt.  of  large  coal  are  required  to  do  the 
same  amount  of  work.  The  average  loss  of  weight  of 
Welsh  argillaceous  ores,  when  calcined,  is  27  per  cent. ; 
of  blackbands,  from  40  to  60  per  cent. ;  of  red  hema- 
tite, about  6  per  cent. ;  and  of  Cornish,  Devonshire,  and 
similar  brown  hematites,  from  12  to  14  per  cent., 
although,  under  unfavourable  circumstances,  the  latter 
have  been  known  to  lose  as  much  as  26  per  cent. 

Gjers'  calcining  kiln,  now  largely  employed  in  the 
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Clerdand  diBtrict,  is  represented  in  transrerse  vertical 

secti<Hi  in  Fig.  1.     Unlike  the  maesive  kilns  oaed  in 

Soath  Wales,  the  body  OT  shell  , 

is  of  fire-brick  only  1 6  inches  in  ^ 

thicknees,  cased  with  WTOugbt- 

iron  plates  in  a  similar  manner 

to  that  now  adopted  usually 

in  blast  furnaces.     The  dia 

meter  at  the  top  is  18  feet,  at 

the  boshes,   or   widest  part, 

forming  the  junction  of  the 

two  conea  20  feet,  and  at  the 

bottom  14  feet.  The  hori- 
zontal section  is  everywhere        n8i-oi«.'o.ioiningkiii.. 

circular.  The  bottom  of  the  brickwork  rests  upon  a 
dat  oast-iron  plate  4  inches  thick,  which  is  supported 
by  a  number  of  vertical  cast-iion  columns  27  inches 
high,  leaving  an  open  space  all  round  between  the 

bottom  of  the  kiln  and  the  floor.  The  latter  is  covered 
in  with  a  cast-iron  plate  20  feet  in  diameter  and  2^ 
inches  thick,  cost  in  segments,  carrying  in  the  centre 
an  upright  cone  of  8  feet  in  height  and  diameter.  The 
total  height  &om  the  foundation-plate  to  the  filling 
gallery  at  the  top  is  24  feet,  aud  the  capacity  5,500 
cubic  feet.  The  ore  remains  in  the  Viln  about  two 
days  and  a  half,  the  amount  of  Aiel  required  being 
about  1  ton  of  coal  slack  for  every  20  tons  of  ore. 
The  admission  of  air  from  the  exterior  is  regulated  by 
a  series  of  holes  penetrating  the  brickwork  near  the 
bottom,  and  a  further  supply  is  introduced  into  the 
centre  by  means  of  a  series  of  radiating  flues  in  the 
brickwork  of  the  foundation  and  the  hollow  in  the 
overlapping  part  of  the  central  cone.  The  roasted  ore 
is  drawn  t^miah   the  openings  betwe«ai  the  pillaiE, 
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being  directed  outwards  bj  the  slope  of  the  interior 
cone.  With  larger  kilns  of  similar  construction,  34 
feet  high,  the  consumption  of  Aiel  is  reduced  to  1  ton 
per  25  tons  of  ore. 

In  the  district  of  Siegen,  the  kilns  used  for  roasting 
spathic  ores  are  of  cylindro-conical  form,  the  conical 
part  being  placed  with  its  smaller  end  downward  below 
the  cylinder.  The  average  dimensions  are:  height 
17^  feet,  diameter  at  the  top  5f  feet,  diameter  at  the 
bottom  3^  feet,  and  interior  capacity  about  500  cubic 
feet.  The  bottom  of  the  conical  part,  which  is  about 
3  feet  above  the  level  of  the  ground,  is  closed  by  a 
grate  with  bars  3  inches  apart.  A  second  grate 
about  2  feet  below  the  first,  and  parallel  to  it,  is  used 
for  starting  the  fire. 

Before  charging,  a  layer  of  pine  charcoal  4  inches 
thick  is  placed  upon  the  upper  grate,  which  is  sue* 
ceeded  by  alternating  layers  of  ore  broken  small,  and 
fuel  of  an  inferior  quality,  such  as  waste  charcoal, 
breeze,  coke  or  cinders  from  puddling  furnace  fires,  or 
coke  dust,  in  the  proportion  by  measure  of  40  cubic 
feet  of  ore  to  8  of  Aiel,  imtil  the  kiln  is  filled  to  the 
throat.  A  wood  fire  is  then  lighted  on  the  lower 
grate,  which  soon  ignites  the  charcoal  on  the  upper 
one,  and  after  a  time,  the  coke  and  cinders  mixed 
with  the  lower  layers  of  ore.  The  fire  on  the  lower 
grate  is  kept  up  for  three  days,  the  total  consumption 
of  wood  being  about  IJ  cwt.,  when  the  ore  at  the 
bottom  is  found  to  be  sufficiently  roasted,  and  may  be 
withdrawn.  This  is  effected  by  removing  the  bars  of 
the  upper  grate,  and  allowing  the  ore  to  fall  out.  About 
one-fourth  of  the  whole  contents  of  the  kiln  are  drawn 
at  a  time ;  the  bars  are  then  replaced,  and  the  kiln  is 
filled  with  fresh  charges,  but  tiie  measure  of  fuel  is 
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rednoed  to  one-half  of  that  used  at  first.  The  next  draw- 
ing takes  place  twenty-four  bourn  later,  and  bo  oa  for 
several  weeks  in  sticceeaion :  one-quarter  of  the  contents 
may  be  withdrawn  daily.  The  average  time  of  roasting 
the  charge  is,  therefore,  about  four  days. 

The  admission  of  air  is  regulated  by  draught-holes, 
with  sliding  registers  placed  above  the  upper  grate. 

The  conatruction  of  a  mine  ktln  using  the  waste 
gasee  of  the  blast  fiimace  instead  of  solid  fiiel  is 
shown  in  vertical  section,  Fig.  3,  which  represents  one 


erected  at  Safvenas,  in  Lapland.  It  consists  of  a  nearly 
cylindrical  shaft  18^  feet  high,  increasing  in  diameter 
from  6  feet  at  the  top  to  7  feet  at  the  bottom,  made  up 
of  three  concentric  caainga,  or  walls  of  brickwork.  The 
innermost  wall  or  lining  is  formed  of  fire-brick,  and  is 
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carried  upon  a  cast-iron  ring,  a ;  the  second  cmd  third 
are  of  commoiL  bricks,  and  diyided  by  a  layer  of  sand. 
The  outer  wall,  about  2  feet  in  thickness,  is  perfo- 
rated by  numerous  horizontal  channels  for  the  escape 
of  moisture,  and  is  fiirther  bound  together  by  hoops  of 
wrought  iron.  The  plan  of  the  base  is  cylindrical, 
perforated  by  five  radial  passages  slightly  splayed  out- 
wards^  through  which  the  roasted  ore  is  withdrawn,  the 
sides  of  these  passages,  as  well  as  the  bottom  of  the 
kiln,  being  protected  by  cast-iron  linings.  The  gas 
coining  from  the  blast  fiimace  by  the  wrought-iron 
tube,  &,  passes  into  the  cast-iron  circular  main,  Cy  which 
is  provided  with  ten  jets  placed  at  equal  distances  apart 
firom  the  base.  The  necessary  amount  of  air  for  com- 
bustion is  admitted  through  the  apertures,  ^,  the  supply 
being  regulated  by  a  sliding  plate  covering  the  mouth 
of  the  jet.  Higher  up  is  placed  a  second  series  of  holes, 
/,  through  which  bars  may  be  introduced  for  break- 
ing up  lumps  in  the  event  of  the  charge  clotting  to- 
gether from  overheating.  The  ores  are  hard  magnet- 
ite, and  schistose  or  micaceous  hematite  mixed  with 
quartz :  they  pass  through,  without  undergoing  any 
very  great  change,  being  mainly  rendered  friable, 
without  alteration  in  the  state  of  oxidisation  of  the 
iron ;  but  iron  pyrites,  when  present,  is  almost  com- 
pletely decomposed. 

Prom  20  to  30  tons  of  ore  are  roasted  daily,  the  only 
fuel  employed  being  a  portion  of  the  waste  gases  of  a 
small  charcoal  blast  furnace. 

At  Soderfors  a  kUn  has  been  recently  built  on  the 
above  principles,  with  the  addition  of  a  conical 
chimney  with  a  damper,  for  more  perfectly  regulating 
the  draught.  In  order  to  prevent  fusion  of  the  ore, 
air,  at  a  pressurid  of  J  to  J  inch  of  water,  is  mtro- 


X "^^  f 


[ 


n-i. 


>k  . 


It' 


"IT    r   TL.'V      CITS 


7**  Ati"**  ♦c^iy4  out* 

«  •  •  » 

-^n»»  w  -.^inim.thc 
.  m  cb*  KriCivm  of  iho 
'29ti  iir>:'r.jrt>    Th<^  f^im 

:  omlir  main,  r,  which 
.  It  eqial  difltancoii  iijmrt 
uBoimt  of  air  for  ctnn* 
qwrtUTM,  f,  the  aupply 
r^  oovering  tho  mouth 
1  n  lecond  aericaof  holrn, 
^  introduced  for  bn^nk- 
'm  charge  clottint^  to- 
'  oral  are  hard  magtu*!- 
\A  hematite  mixed  witli 
w^ont  undergoing  any 
i^lj  rendered   friablr, 
M  ot  oxidisation  of  t\ic 
1  present,  ia  almoat  com- 

are  roasted  daily,  the  only 
11  of  the  waste  gases  of  » 

heea  recently  built  otj     * 

3    addition    of    *       ^^^„^ 

/morcperfe^^y*'''^^^^^^^  /.''' 
prevent  tn^'*"^  ''*  .^  if»^ 


11 


t  r 


9 


134  METALLURGY   OF   IRON. 

air  in  heaps  about  2  feet  high,  which  are  repeatedly 
turned  and  watered,  until  aJl  the  soluble  salts  are 
washed  out. 

Experiments  made  with  ores  treated  in  this  manner, 
after  eight  days'  exposure  to  the  air,  proved  that  the 
sulphur  had  been  suflSciently  removed  for  the  pro- 
duction of  iron  in  the  fiimace.  Formerly,  from  five  to  six 
years'  exposure  after  roasting  was  required  to  obtain  the 
same  residt,  which  necessitated  keeping  quantities  of 
about  100,000  tons  of  ore  under  treatment,  in  order  to 
supply  the  four  furnaces  in  blast. 

The  desidphurisation  of  pyritic  ores  may  also  be 
efiected  by  the  action  of  steam  at  a  red  heat.  This 
method  was  adopted  in  Finland,  by  Nordenslgold,  in 
1843,  and  has  subsequently  been  used  in  Silesia  and 
Westphalia.  In  the  latter  district  it  is  applied  to  the 
roasting  of  blackband  containing  from  1  to  3  per  cent, 
of  sulphur.  The  kiln,  which  is  somewhat  similar  in 
form  to  Fig.  2,  is  25  feet  high,  6  feet  in  diameter  at 
the  throat,  with  a  conical  shaft  increasing  to  9  feet 
at  19  feet  below  the  mouth  :  the  remaining  height  of 
6  feet  is  cylindrical^  Near  the  bottom  is  introduced  a 
wrought-iron  pipe  2  inches  in  diameter,  and  termi- 
nating in  a  conical  jet  or  rose,  perforated  with  nume- 
rous small  holes.  The  charging  takes  place  in  the 
usual  way,  upon  a  bed  of  kindling  wood :  no  coal  is 
used,  as  the  ore  is  sufficiently  carbonaceous  not  only  to 
calcine  itself,  but  also  a  Airther  quantity  of  magnetic 
ore  smelted  at  the  same  place.  As  soon  as  the  contents 
of  the  kiln  are  red  hot,  superheated  steam  at  36  lbs. 
pressure  is  admitted  through  the  conical  j^t-pipe  for  a 
few  minutes  at  a  time,  at  intervals  of  half  an  hour, 
which,  acting  on  the  pyrites,  gives  rise  to  sulphuretted 
hydrogen   and  peroxide    of  iron.     In  order  that  the 
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snlphides  may  not  be  re-fonned  in  the  upper  part  of 
the  shaft,  it  is  necessary  to  admit  air  freely,  so  that 
the  sulphuretted  hydrogen  may  be  resolved  into  water 
and  sulphurous  acid.  By  this  means  the  whole  of  the 
sulphur  is  almost  entirely  removed.  In  a  kiln  of  this 
kind,  12|  tons  of  magnetic  ore  and  3|  tons  of  black* 
band  are  calcined  daily. 


CHAPTER  VII. 

OF  THE   FLUXES   USED   IN   IRON-SMELTING. 

Ths  general  principles  upon  which  the  employment  of 
fluxes  is  based  have  already  been  alluded  to  in  describ- 
ing the  method  of  assaying  by  the  dry  way.  In 
practice  very  few  ores  are  found  to  contain  earthy  in- 
gredients in  proportions  sufficient  to  form  readily  fiisible 
slags  alone,  and  it  therefore  becomes  necessary  to 
supply  the  deficiency.  This  may  be  done  either  by 
mixing  ores  of  dissimilar  composition,  as,  for  instance, 
siliceous  with  calcareous  hematites,  or  both  with  argil- 
laceous ores  in  such  quantities  as  shall  yield  slags  of 
the  desired  composition,  or  by  the  addition  of  calcareous 
or  aluminous  minerals  not  cohtaining  iron.  The  first 
of  the  above  methods  is  undoubtedly  to  be  preferred  to 
the  other,  as  by  it  we  are  enabled  to  form  the  slag 
without  unnecessarily  reducing  the  percentage  of  iron 
in  the  charge  or  burden  taken  as  a  whole,  whereas  the 
addition  of  fluxes  increases  the  weight  of  material  to 
be  passed  through  the  furnaces  for  the  same  produce  of 
metal,  but  it  can  only  be  carried  out  in  districts  having 
a  large  and  varied  command  of  minerals.  As  a  rule, 
therefore,  a  combination  of  both  methods  is  used,  the 
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best  mixture  of  ores  obtainable  being  supplemented  by 
the  addition  of  earthy  minerals. 

The  principal  flux  employed  by  the  iron  smelter  is 
carbonate  of  lime,  in  the  form  of  limestone,  which  is 
usually  obtained  from  a  neighbouring  quarry.  The 
best  varieties  are  those  containing  the  largest  amount 
of  carbonate  of  lime,  but  alumina  and  iron  may  be 
present  advantageously.  In  the  latter  case  limestones 
often  pass  insensibly  into  calcareous  hematite  or 
magnetite,  which  foim  excellent  mixtures  with  more 
siliceous  ores  of  the  same  class.  Very  fossiliferous 
limestones  often  contain  notable  amounts  of  phosphoric 
acid  and  iron  pyrites,  and  are  to  be  avoided.  Dolomitic 
or  magnesian  limestones  are  less  generally  useftd  than 
more  purely  calcareous  varieties,  as  the  Visibility  of 
slags  is  diminished  by  the  addition  of  magnesia  beyond 
very  moderate  quantities. 

Rich  iron  ores  occurring  in  crystalline  rocks,  such 
as  those  of  Sweden,  Norway,  and  North  America,  are 
offcen  accompanied  by  limestones  containing  silicates 
of  lime  and  magnesia  of  a  low  degree  of  silication, 
such  as  pyroxene,  hornblende,  garnet,  idocrase,  chlorite, 
all  which  may  be  regarded  as  ready- formed  slags.  The 
use  of  these  substances  as  fluxes  is  usually  attended 
with  a  great  economy  of  fuel.  Such  ores  are  known 
in  Sweden  as  self-gmjende^  ue.  self-going  or  self-fluxing. 
A  somewhat  similar  effect  may  be  obtained  by  the  use 
of  blast-fiirnace  slag  a  second  time,  if  it  be  sufficiently 
basic  to  carry  an  extra  dose  of  silica ;  but  this  is  rarely 
done  except  under  pressure  of  adverse  circumstances. 
Percy  relates  a  case  of  this  kind  as  having  occurred  in 
South  Wales,  where  slags  were  used  a  second  time 
without  injuring  the  quality  of  the  iron  produced, 
when  the  supply  of  limestone  was  temporarily  cut  off. 
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The  following  table  shows  the  ayerage  eomposition 
of  some  of  the  commoner  varieties  of  limestone  used 
by  iron  masters  in  England  and  Wales  : — 


Analyses  of  Limestones  used  in  English  Ibon  Works. 


L 

n. 

m. 

IV. 

V. 

Carbonate  of  lime    . 

97-31 

96-26 

97-64 

89-36 

96-16 

Carbonate  of  magnesia    . 

100 

2-21 

0-90 

0-97 

1-32 

Carbonate  of  protoxide  of 

iron       .... 

0-62 

— 

— 

3-38 

— 

AlnmiTia    tunti    pfiroTidfi  J 

of  iron .        .        .       | 

1-27 

2-98 

1-35 

600 

3-20 

Silica        .        .        .       ) 

Organio  matter 

0-20 

— 

— 

— 

— 

Water      .... 

— 

— 

0-43 

— 

100-40 

100-45 

99-79 

100-14 

100-67 

Ko.      I.  Silurian  limestone,  Dudley.    Used  in  South  Staffordshire. 
„     U.  Carboniferous  limestone,  Harmby,  Durham.    Used  in  Cleve- 
land. 
„   HI.  Permian  limestone,  Raisby  Hill,  Durham.  Used  in  Cleveland. 
„    rV.  Oolitic  limestone,  Wellingborough.    Used  in  Northampton- 
shire. 
Y.  Chalk,  after  deducting  21  per  cent,   of  water.      Used  in 
Cleveland. 


» 


In  the  Lancashire  and  Cumberland  hematite  district, 
where  the  rich  red  ores  of  Ulverstone  and  Whitehaven 
are  smelted  alone,  argillaceous  fluxes  are  necessary  in 
addition  to  limestone.  For  this  purpose  the  shale  of 
the  coal  measures  is  generally  added ;  but  latterly  a 
peculiar  variety  of  brown  hematite,  remarkable  for 
containing  a  large  quantity  of  &ee  alumina,  has  come 
into  use  in  these  districts,  and  also  in  South  Wales. 
This  substance  is  known  as  "  Belfast  Aluminous  Ore." 
A  somewhat  similar  mineral,  called  Bauxite,  found  at 
Baux,  in  the  south  of  France,  is  now  used  to  a  con* 
siderable  extent  as  an  ore  of  aluminium. 
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AiTALYSES  OF 

AliTTMINOTTS  ObES  ASB 

FLTJXEfi 

). 

L 

II. 

m. 

IV. 

Silica 

61-91 

9-75 

9-87 

2-8 

AlnmJTia 

•         f 

21-73 

27-95 

34-67 

67-4 

Peroxide  of  iron . 

m 

— 

3/1-91 

27-93 

26-6 

Protoxide  of  iron 

4-73 

6-57 

608 

«— 

Lbne  .... 

0-09 

0-60 

0-91 

0-2 

0-59 

0-20 

0-62 

— 

Potash 

3-16 

0-49 

— 

— 

Soda    . 

0-26 

ii— 

— 

Titanic  acid 

— 

_ 

3-61 

31 

Volatile 

7-43 

18-60 

19-36 

110 

99-89 

10012 

101-86 

1000 

No.     I.  Coal  measure  shale  from  the  neighbourhood  of  Manchester. 
Frankland. 
„     n.  Belfeist  almninons  ore.    Tookey. 
„  m.  Another  sample  of  the  same  ore. 
,,    IV.  Bauxite,  from.  Baux,  in  the  south  of  France.    BelL 

Caustic  lime  is  sometimes  used  instead  of  limestone, 
and  produces  a  coi^in  economy  of  Aiel,  as  the  local 
coolmgy  owing  to  the  absorption  of  heat  in  the  blast 
fiimace  consequent  on  the  expulsion  of  the  carbonic  acid, 
is  done  away  with.  Comparative  experiments  on  this 
point  have  been  made  at  Ougr^e,  in  Belgium,  and 
Konigshiitte,  in  Silesia.  In  the  former  case,  26  per 
cent,  of  lime  replaced  40  of  limestone,  and  the  pro- 
duction of  metal  was  increased  2*3  per  cent.,  with  a 
saving  of  1-6  per  cent,  of  coke.  In  the  latter  the 
saving  was  2'85  per  cent.,  and  the  increase  of  produc- 
tion 3*1  per  cent.  It  is  of  course  necessary  to  use  the 
lime  as  soon  as  possible  after  burning,  in  order  to 
prevent  it  taking  up  moisture  from  the  air. 

Forge  and  Mill  Cinders.  It  will  be  convenient  to 
notice  these  substances,  which  play  a  very  important 
part  in  the  economy  of  modem  iron  works,  before 
leaving  the  subject  of  iron  ores,  although,  strictly 
speaking,  they  cannot  be  classified  with  them,  but  are 
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mther  to  be  considered  as  waste  products,  wiiich  are 
produced  and  regularly  economised  on  a  very  large 
scale.  Wlien  melted  pig  iron  is  exposed  to  the  oxidising 
action  of  the  air,  its  combined  silicon  is  oxidised,  with 
the  formation  of  tribasic  silicate  of  protoxide  of  iron, 
which  is  very  fiisible,  and  is  capable  of  taking  up  a 
farther  amount  of  iron,  probably  in  the  form  of 
magnetic  oxide.  The  same  thing  takes  place  when 
wrought  iron  is  heated  in  contact  with  silica,  at  a 
welding  temperature.  It  will  subsequently  be  shown 
that  the  slags  or  cinders  produced  in  tilie  various  opera- 
tions of  refining,  puddling,  and  reheating,  performed 
in  the  conversion  of  cast  into  malleable  iron,  are  of  this 
composition.  The  amount  of  iron  contained  varies 
from  40  to  75  per  cent.,  and  in  this  respect  cinders 
might  be  considered  as  equal  to  the  richest  iron  ores, 
were  it  not  that  practically  the  whole  amount  of 
phosphorus  contained  in  the  pig  iron  operated  upon  is 
also  taken  up,  as  well  as  more  or  less  sulphur,  so  that 
in  reality  their  use  in  the  blast  furnace  tends  to  de- 
teriorate the  quality  of  the  meted  produced,  when 
entering  into  the  charge  beyond  a  certain  proportion. 

The  chief  reason,  however,  for  the  deterioration  is 
to  be  found  in  the  ready  fusibility  and  comparatively 
difficult  reducibUity  of  the  cinders,  which,  when  added 
lo  the  charge  in  the  blast  fiimace,  are  apt  to  melt  and 
run  down  into  the  hotter  part  of  the.  fiimace  above 
the  hearth,  where  the  reduction  of  iron  and  silicon 
takes  place  simultaneously.  Only  a  portion  of  the 
silicate,  however,  is  so  reduced :  the  remainder,  passing 
into  the  blast-furnace  slag,  produces  the  so-called  black 
or  scouring  cinder,  which  ijot  only  acts  injuriously 
upon  the  siliceous  matters  of  the  hearth,  but  prevents 
the  formation  of  cast  iron  at  a  maximum  of  carbonisa- 
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tion.  The  resiilt  is  therefore  an  inferior  description  of 
white  iron,  ufiaally  known  as  cinder  pig,  together  with 
the  loss  of  a  considerable  quantity  of  iron  in  ^the  slag, 
which  sometimes  contains  nearly  20  per  cent,  of  prot- 
oxide of  iron« 

The  purest  dass  of  cinders  are  those  from  the  re- 
heating or  welding  fdmace,  being  freer  from  stdphnr 
and  phosphorus  than  those  obtained  in  puddling. 
Various  methods  haye  been  suggested  for  overcoming 
the  di£Elculties  attendant  on  the  smelting  of  cinders, 
such  as  subjecting  them  to  a  preliminary  calcination, 
or  combining  them  with  lime  and  smaU  coal  in  order 
to  effect  the  reduction  at  a  lower  temperature.  Of 
these  methods  only  the  former  has  been  generally 
adopted.  When  silicate  of  protoxide  of  iron  is  roasted, 
either  in  heaps  or  kihis,  with  a  free  access  of  air  it  is 
decomposed,  with  a  separation  of  silica :  the  protoxide  of 
iron,  absorbing  oxygen,  passes  into  the  state  of  peroxide, 
or  magnetic  oxide,  producing  a  very  refractory  sub- 
stance, which  is  employed,  under  the  name  of  ''  bull- 
dog,'' for  lining  the  hearths  of  puddling  furnaces.  Its 
infusibility  is  due  to  the  fact  that  silica  and  peroxide  of 
iron  are  both  infrisible,  and  do  not  combine  together 
when  exposed  to  a  high  temperature  in  an  oxidising 
atmosphere.  When  the  bidldog  is  produced  from 
puddling-fiimace  cinders  containing  phosphorus  in 
quantity  a  partial  liquation  takes  place,  and  a  frisible 
slag,  known  as  bulldog  slag,  separates,  carrying  down 
with  it  a  considerable  portion  of  the  phosphorus. 
Sulphur,  when  present,  is  almost  entirely  removed 
during  the  roasting,  being  converted  into  sulphate  of 
iron,  which  forms  a  crust  over  the  outer  surface  of  the 
heap,  and  may  be  washed  out  with  water,  or  decom- 
posed  by  furthef   heating.      It  will  readily  be  seen 
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that  when  the  iron  is  peroxidised  it  is  in  a  much  more 
&yoiirable  conditioii.  for  treatment  in  the  blast  fiimace, 
and  the  cinders  may  then  be  regarded  as  equiyalentto  a 
siUceous  hematite. 

In  Lang's  method  of  preparing  puddling  and  other 
forge  cinders  for  the  smelting  furnace  they  are  finely 
powdered,  and  mixed  with  nulk  of  lime  and  coal  slack, 
or  charcoal  dust,  into  a  paste,  which,  when  dry,  forms 
a  hard  mass,  and  may  be  broken  into  lumps,  haying 
sufficient  coherence  to  stand  the  pressure  of  the  blast 
fdmace  without  crushing.  At  Stor^,  in  Camiola, 
where  this  process  was  introduced  in  1861,  sixty- 
six  parts  of  reheating  famace  cinder,  mixed  with  22 
parts  of  lime  and  12  parts  of  charcoal  dust,  were 
smelted  in  a  cupola  without  any  addition  of  ore,  and 
produced  mottled  pig  iron  of  good  quality.  Several 
analyses  of  pig  iron  so  produced  have  been  published, 
but  the  composition  of  the  cinder  operated  upon  is  not 
given. 

A  somewhat  similar  process  has  been  proposed  by 
Minary  and  Soudry.  The  cinder,  in  a  finely-divided 
state,  is  mixed  with  caking  coal  slack,  and  converted 
into  coke  in  the  ordinary  way.'  According  to  the  state- 
ments of  the  inventors,  the  protoxide  of  iron  in  the 
cinder  is  said  to  be  reduced  to  the  metallic  state  by  the 
gases  given  off  during  the  coking,  at  a  temperature 
sufficiently  low  to  be  without  effect  upon  the  silica ;  at 
the  same  time  both  phosphorus  and  sulphur  are 
eliminated  as  phosphuretted  and  sulphuretted  hydrogen. 
The  coke  produced  is  intended  to  be  used  in  the  blast 
Aimace  for  smelting  ores.  In  order  to  obtain  it 
sufficiently  coherent,  it  is  necessary  to  keep  the  mixture 
of  slack  and  cinders  with  certain  proportions.  The 
best  results  were  obtained  at  Givers,  with  40  of  the 
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latter  to  60  of  the  former,  which  gave  a  coke  containing 
fipQm20to25per  cent,  of  metallic  iron;  but  the  propor- 
tions might  be  revenei  without  consuming  any  of  the 
fixed  carbon  of  the  fuel  in  the  reduction^  which  is  effected 
entirely  by  the  TolatQe  products.  The  removal  of  the 
uncambined  silica  must,  of  course,  be  provided  for  by 
the  addition  of  a  proportionate  quantity  of  limestone 
over  and  above  that  required  by  the  ore  in  the  blast 
funiaoe. 

The  above  statements  are,  to  a  certain  extent,  in 
opposition  to  the  results  obtained  by  Percy  and 
Richardson,  who  found  that  the  tribasic  silicate  of 
protoxide  of  iron  could  not  be  entirely  reduced  to  the 
metallic  state  when  heated  with  an  excess  of  carbon,  two 
atoms  only  of  the  protoxide  being  separated,  leaving 
behind  a  monobasic  silicate  (FeO.  SiO^.),  which  resisted 
further  change.  This  result  can  only  be  obtained  with 
chemically  pure  tribasic  silicate,  such  as  is  prepared  by 
fusing  pure  peroxide  of  iron  with  quartz  sand,  whereas 
the  cinders  produced  in  puddling  or  heating  ftimaces, 
always  contain  a  sufficient  proportion  of  earthy  bases 
to  allow  the  last  atom  of  iron  to  be  set  £ree. 

The  addition  of  fluxes  in  the  blast  fiimace  is  regu- 
lated by  several  considerations.  When  the  ores  are  of 
good  quality,  the  chief  point  to  be  considered,  is  the 
production  of  the  most  fusible  slag  with  the  smallest 
addition  of  non-ferriferous  matters ;  this  is  more  eepe- 
cially  the  case  with  charcoal  furnaces.  When  mineral 
ftiel  is  used,  however,  it  is  necessary  to  form  a  slag 
that  is  capable  of  absorbing  sulphur,  which  would 
otherwise  be  taken  up  by  the  iron,  and  for  this  purpose, 
a  larger  quantity  of  flux  is  used  than  that  indicated 
by  theory  as  giving  the  most  fusible  product. 

The  fusibility  of  silicates  depends  chiefly  upon  their 
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compofiitioii,  and,  according  to  Plattner,  increases  with 
the  increase  of  silica :  thus  for  the  same  base  the  mono- 
basic (EO.  SiO^)  and  sesquibasic  (3  RO.  2  SiO')  forms 
are  more  Aisible  than  the  tribasic,  containing  3  RO.  SiO^, 
or  the  subsilicate,  6  RO.  SiO®.  For  the  same  compo- 
sition, silicates  containing  one  base  are  less  Aisible  than 
those  containing  two  or  more.  The  following  is  the 
observed  order  of  Visibility  in  the  simple  silicates : — 

Silicate  of  Alumina      ....     melts  at  2,400"^  G. 

„        Magnesia      ....  „       2,200®  —  2,250° 

„        Baryta „       2,100°  —  2,200« 

„        Lime        „       2,100°  —  2,150o 

„        Protoxide  of  Iron  i  ,  ^^^^       ,  ^^^^ 

,;  „  Manganese  (      "       1.789o  _  1,832« 

Of  double  silicates  of  similar  atomic  composition, 
those  containing  both  protoxide  and  sesquioxide  bases 
are  more  fusible  than  those  having  both  bases  of  the  pro- 
toxide type,  the  order  of  fusibility  being  as  follows  : — 

Silicate  of  Baryta  and  lame         melts  at  2,  lOO^"  G. 
„  „       „     Alumina         ,,        2,050'' 

„         Lime     „     Magnesia        ,,        2,000® 
„  „       „     Alumina         „        1,918®  — 1,950® 

The  most  fusible  of  the  triple  silicates  likely  to  be 
produced  in  iron-smelting  are  those  containing  alumina, 
lime,  and  protoxide  of  iron,  or  manganese.  Silicates  of 
potash  and  soda,  or  of  protoxide  of  lead,  are  among  the 
most  fusible ;  but  with  these  we  are  not  at  present  con- 
cerned. 

The  slags  of  blast  furnaces  may  be  regarded  as 
silicates,  whose  composition  ranges  between  the  follow- 
ing limits : — 

L  3  CaO.  2  SiC  +  A1*0«.  2  8iO» ;  and 
U.  3  CaO.  fiiO»  -h  A1»0».  SiO\ 
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Those  of  charcoal  Aimaces  are  mixtures  in  indefinite 
proportions  of  both  silicates^  while  those  produced  with 
coke  or  coal  are  more  basic,  and  approach  more  nearly 
in  composition  to  No.  II. 

In  the  first  of  the  above  formulsB  the  oxygen  of 
the  silica  is  double  that  of  the  bases  taken  together, 
corresponding  to  the  composition  3  BO.  2  SiO^»  or  that 
of  augite ;  while  in  the  second  both  bases  and  silica 
contain  equal  amounts  of  oxygen,  giving  the  formula 

3  RO.  SiO^  or  that  of  olivine. 

As  a  portion  of  the  lime  may  be,  and  usually  is, 
replaced  by  other  protoxide  bases,  and  also  alumina 
may  be  partially  substituted  for  silica,  it  is  evident 
that  these  general  expressions  may  be  made  to  include 
substances  differing  widely  in  qualitative  composition. 
The  following  are  the  maximum  and  minimum  limits 
of  the  chief  constituents  of  blast-Aimace  slags  derived 
from  the  examination  of  a  large  number  of  analyses: — 

Min.  Max. 

Silica.        .        .        •  20  .  .72    percent. 

Alumina     .        .         .     0  .  .30 

Lime.         .         .         .     0  .  .60 

Protoxide  of  iron  .     0  .  .26 

,,  manganese    0  .  .34 

Magnesia    .         .         .     0  .  .34 

Baryta        .         .         .     0  .  .8-2 

Soda  .        .         .         .     0  .  .     11-3 

Potash  .     0  .  .4-3 

Bodemann  gives  the  following  formula  for  the  most 
fusible  silicate  of  lime  and  alumina : — 

4  (3  CaO.   2  SiO«)  +  3  (APO*.  2  SiO«),  containing,  per  cent., 

Silica,  56 ;  Lime,  30 ;  Alumina,  14. 

The  following  are  a  few  examples  of  slags  produced 
under  different  conditions  of  working.     The  composi- 
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tion  of  the  slags  from  fiimsoes  in  difEareat  looslitiesy 

in  the  following  taUe,  as  &r  ss  it  can  be  done  with 
sach  a  small  number  of  examples : — 


AKAI.TSES  OF  BUkJBT  FUSSACB  SlaOS. 

1. 

n. 

III. 

IV. 

▼.      1     VB 

vn. 

Silica 

Alamina  . 
Lame 
Protoxide       of 

iron 
Protoxide        of 

MagnflBia . 

Salphideof  cal- 
cram     . 

38*48 
16*13 
32*82 

0-76 

1*62 
7-44 

2*22 
1-92 
015 

43-07 

14-85 
28-92 

2-53 

1-37 

5-87 

1-90 
1-84 

31*46 

8-50 

52-00 

0-79 

2*38 
1*38 

2-96 

27*68 

22-281 

40-12 

0*80 

0*20 

7*27 

2-00 

42*96  { 
20*20, 
10  19 

19*80 

1-63 

2*90 

1-32 
110 

61*06 

5*38 

19*81 

3*29 

2-63 
712 

99-29 

40-95 

870 

30-36 

0*60 

2*18 
16-32 

Bilainr. 
0*34 
0-32 
010 

Phosphoric  acid 

100*54 

100*35 

99-47 

100-35 

100-00 

99-87 

» 


tt 


n 


9f 


No.     _L  From  Dowlaia,  pnodnced  when  making  grey  iroiL    Biley. 

„       produced  with  white  iron.    Kiley. 
Tfiilrleiw  HaO,  Wigan,  prodnced  with  grey  BeHemer 

inm,  diantegrateB  in  the  air. 
Clarence^  Dmham^  firom  develaiid  ores.    Bell. 
Own  Oelynt  Sooth  Wales,  soouxing  oinder.    Noad. 
Goeherg,  Sweden.    Sjogren. 
Keaherg,  Styria,  prodnoed  with  grey  iron.     Eiippel- 


n. 
ra. 

IV. 
V. 

VI. 
VII. 


»9 


It  oocasioiially,  bat  TBtdj,  happens  in  the  smelting  of 
spathic  ores,  that  slags  are  produced  entirely  free  from 
lime.    The  following  are  examples  of  this  kind  : — 


Silica 

Alnmwfi       .... 

Protoxide  of  iron 

Piotoaideirf  manganese  . 

.  HagUBsia    •       .       .  . 

!  Sa^hnr     •       •       .  . 


L 

XL 

IlL 

49-57 

48-39 

37*80 

9-00 

6-66 

2-10 

004 

006 

21*50 

25-84 

83-96 

29*20 

1515 

10*22 

8-60 

0*08 

008 

002 
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Xow    I.  Ron  Swigm,  pndneBd  with,  gioy  iron*    Karstoii. 
a.    If.     M  *«  19  »f     spiflgeleiaen.    Karsten. 

HL     „     8ljiia»        „         M    white  iroa.    Yon  Mayrhofer. 


u 


Wlien  die  fbsitxilitj  of  a  slag  is  reduced,  by  the 
addition  of  lime  in  excesSy  the  iron  will  be  highly 
carburetted^  and  the  greater  amount  of  sulphur  will  be 
taken  up  by  the  slag  in  the  form  of  sulphide  of  cal- 
cium. Other  things  being  equal,  the  iron  will  be  grey 
if  the  slag  is  refractory,  and  white  if  it  is  yery  fosible. 
The  reason  of  this  is  apparent  when  we  consider  that 
the  iron  may  be  reduced  and  carburetted,  but  ciuinot 
separate  from  the  earthy  matters  till  these  have  melted 
into  slag ;  if,  therefore,  the  latter  are  yery  fusible,  the 
metal  which  melts  at  a  still  lower  temperature  runs 
together,  or  fedls  through  the  region  of  the  boshes 
and  hearth,  where  the  temperature  is  highest,  without 
being  exposed  for  any  length  of  time  to  the  energetic 
reducing  agencies  prevailing  at  and  near  the  interior. 
If,  on  the  other  hand,  the  finely-divided  particles  of 
metal  are  kept  from  coalescing  by  the  more  refractory 
character  of  the  slag,  it  will  be  subjected  to  a  long- 
continued  heating  in  a  region  favourable  to  the  accu- 
mulation of  carbon  and  silicon  in  the  highest  degree, 
and  it  is  to  the  presence  of  the  latter  element  that  the 
greyness  of  pig  iron  is  in  part,  at  least,  due. 

The  power  of  taking  up  sulphur  is  also  imparted  to 
slags  by  protoxide  of  manganese,  as  well  as  lime, — ^a 
property  that  receives  an  important  application    in 
the  manufacture  of  spiegeleisen  from  manganesiferous ' 
spathic  ores. 

Protoxide  of  iron  increases  the  fusibility  of  slags, 
communicating  at  th^  same  time  a  dark  green  or  black 
colour,  as  is  seen  in  the  so-called  scouring  in  black 
cinders  which  are  produced  when  a  furnace  is  working 
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with  a  heavy  burden,  or  increased  charges  of  ore  and 
fluxes  in  proportion  to  the  Aiel. 

These  slags  are  accompanied  by  the  production  of 
white  iron,  from  the  reduction  of  a  portion  of  the 
protoxide  of  iron  in  the  molten  silicate  when  brought 
into  contact  with  the  bath  of  cast  iron  in  the  hearth,  at 
the  expense  of  the  carbon  in  the  molten  metal.  With 
silicate  of  protoxide  of  manganese,  however,  this  re- 
action does  not  take  place,  owing  to  the  very  high 
temperature  required  for  the  reduction  of  protoxide 
of  manganese  to  the  metallic  state. 

The  physical  character  of  slags,  such  as  colour, 
texture,  fluidity,  &c.,  varies  with  their  composition  and 
the  working  condition  of  the  furnace,  so  that  it  is  not 
possible  from  inspection  alone  to  determine  the  charac- 
ter of  the  metal  produced,  except  after  considerable 
experience  of  the  individual  furnace ;  and  the  relation 
between  slag  and  metal  in  one  district  may  be  totally 
different  in  another.  De  Vathaire  makes  the  following 
general  observations  on  this  point,  which,  of  course, 
must  be  taken  as  applicable  only  within  wide  limits : — 

Slags  produced  from  furnaces  working  hot — i,e,  with 
light  burden — when  the  reducing  power  is  at  a  maxi- 
mum, and  grey  iron  is  made,  are  usually  white  or 
grey.  Owing  to  the  total  amount  of  iron  being  re- 
duced, in  the  special  case  of  the  ores  containing  man- 
ganese, an  amethystine  tint  is  often  observed  under 
these  conditions,  especially  in  charcoal  furnaces  smelt- 
ing hematite  or  non-aluminous  ores. 

Black  slags,  on  the  other  hand,  correspond  to  heavy 
burden,  and  a  comparatively  reduced  temperature,  when 
the  furnace  is  said  to  be  working  cold,  or  with  less  fuel 
as  compared  with  the  weight  of  the  charge  smelted. 

The  vitreous  character  and  fluidity  of  slags  increase 

h2 
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in  proportioii  to  the  amount  of  silica.  A  porcelanic  or 
opalescent  character  is  generally  indicative  of  a  con- 
siderable amount  of  alumina.  Those  produced  in  the 
smelting  of  coal-measure  clay  ironstones  are  often  of 
this  character,  showing  an  alternation  of  light  yellowish 
and  dark  green  or  blue  bands  and  stripes.  Slow  cool- 
ing has  a  tendency  to  produce  devitrification  or  crystal- 
lisation, so  that  it  often  happens  that  the  same  slag  forms 
a  perfect  glass  when  suddenly  solidified,  but  becomes 
opaque  or  porphyritic,,with  distinct  crystals  interspersed 
through  a  vitreous  base,  when  cooled  very  gradually. 

When  slags  containing  sulphides  of  calcium,  bariimi, 
and  manganese,  such  as  are  commonly  produced  when 
sulphur  is  present  in  the  fuel,  are  allowed  to  flow 
over  damp  ground,  in  smelting  with  coke,  steam  is 
forced  through  the  molten  mass,  which,  in  its  passage,  is 
decomposed  by  the  sulphides  and  poly  sulphides,  with 
the  production  of  sulphuretted  hydrogen.  This  in  its 
turn  burns  on  coming  in  contact  with  the  air,  giving 
rise  to  stJphurous  acid  gas.  If,  however,  water  be 
thrown  upon  the  surface  of  the  slag,  the  sulphuretted 
hydrogen  evolved  is  prevented  from  igniting,  escapes 
unaltered,  and  may  be  recognised  by  its  unpleasant 
odour.  The  reactions  are  as  follows,  according  to 
whether  a  neutral  or  poly- sidphide  of  calcium  be 
present : — 

CaS  +     HO  =  CaO  +  HS. 

CaS*  -J.  3  HO  =  CaO  +  S0»  +  S  3  HS  -J-  S. 

In  the  latter  case  the  decomposition  is  more  complex, 
being  attended  with  the  formation  of  sulphurous  acid, 
sulphuretted  hydrogen,  and  free  sulphur.  Under 
ordinary  conditions,  however,  the  two  latter  products 
would  unite  and  bum  to  sulphurous  acid.     This  is  pro- 
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bably  the  cause  of  the  stronfi^  odour  of  this  gas  usually 
produced  by  the  slags  escaping  from  a  coke  furnace 
working  very  hot. 

When  lime  is  present  in  large  quantity,  the  fracture  of 
the  slag  is  usually  of  a  dull  stony  character.  Those  of  the 
Cleveland  and  Lancashire  hematite  fiimaces  are  of  this 
kind.  A  very  large  excess  of  this  base  causes  the  slag 
to  fall  to  pieces  when  exposed  to  a  moist  atmosphere 
after  cooling,  in  the  same  way  as  caustic  lime,  forming 
a  powder  which  may  be  employed  in  making  cement 
or  mortar  for  building  purposes. 

In  many  of  the  small  iron  works  of  Germany  the 
slags  are  subjected  to  the  processes  of  stamping  and 
washing,  in  order  to  recover  any  entangled  shots  of 
metal,  which  are  afterwards  returned  to  the  furnace. 

As  a  general  rule,  steady  and  continuous  flowing,  a 
somewhat  viscid  fluidity,  and  a  slow  passage  from  the 
liquid  to  the  solid  state,  are  characteristic  of  the  slags 
produced  from  furnaces  working  hot.  Scouring  slags, 
on  the  other  hand,  run  as  liquid  as  water,  but  solidify 
in  crusts  rapidly,  without  passing  through  the  plastic 
state. 

Slags  produced  from  manganesiferous  hematites  are 
of  the  usual  manganese,  violet,  or  amethystic  tint  in 
the  vitreous  portions,  but  when  blown  up  by  gases,  the 
colour  disappears,  with  the  production  of  a  pearly- 
white  pumice-like  body.  When  the  same  furnaces  are 
burdened  for  white  iron  the  slags  become  dark  green, 
and  of  an  almost  pasty  consistency. 

In  addition  to  the  colours  produced  by  metallic 
oxides,  such  as  bottle-green  or  black  by  protoxide  of 
iron,  violet  by  protoxide  of  manganese,  yellow  or 
brownish  green  by  protosulphide  of  manganese^ 
others,  especially  shades  of  blue,  are  common  in  slags ; 
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bat  it  is  not  clearly  made  out  what  the  colouring  agent 
18  in  such  cases.  Thus  a  bright  sky-blue  tint,  often 
seen  in  Swedish  slags,  has  been  variously  attributed  to 
vanadium,  titanium,  and  sidphide  of  sodium  (ultra- 
marine). Silicate  of  zinc  is  also  stated  to  produce 
green  and  blue  tints. 


CHAPTER  VIII. 

OF  THE   BLAST  FURNACE  AND  ITS  ACCESSORIES. 

It  has  already  been  stated  that  in. the  early  days  of 
iron-smelting  the  only  merchantable  product  was  bar 
or  malleable  iron  obtained  directly  from  the  ore ;  cast 
iron  being  a  subsequent  discovery,  consequent  upon  the 
employment  of  larger  furnaces  and  higher  tempera- 
tures in  the  treatment  of  more  refractory  minerals.  In 
process  of  time,  it  was  found  that  the  production  of  cast 
or  pig  metal,  as  an  intermediate  stage  in  the  manufac- 
ture of  malleable  iron,  was  attended  with  advantages 
not  possessed  by  the  older  method,  so  that  at  present  it 
is  followed  exclusively ;  the  latter  being  confined  almost 
entirely  to  a  small  and  constantly  diminishing  area  in 
Europe,  besides  being  more  extensively  practised  in 
Africa  and  India. 

The  subject,  therefore,  naturally  divides  itself  into 
two  main  heads : — 

I.  Direct  method,  or  extraction  of  malleable  iron 
from  the  ore,  and 

JI.  Indirect  method,  or  production  of  pig  iron  from 
the  ore,  and  subsequent  conversion  into  malleable  iron 
by  some  form  of  finery  process. 

The  difference  between  the  two  processes  is  mainly 
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due  to  the  height  of  the  furnace.  In  the  direct  method, 
where  a  low  charcoal  hearth  or  forge  is  used,  a  portion 
of  the  ore  is  reduced  to  the  metallic  state  at  a  com- 
))aratively  low  temperature,  while  another  part  combines 
as  protoxide  with  any  silica  that  may  be  present,  form- 
ing a  highly  Aisible  and  basic  slag,  into  which  the 
reduced  spongy  mass  sinks,  any  excess  of  carbon  taken 
up  being  removed  by  the  oxidising  agency  of  the  skig, 
aided  by  the  blast  which  is  introduced  through  an  in- 
clined nozzle  or  twyer,  so  as  to  impinge  directly  upon 
the  metallic  bath. 

On  the  other  hand,  the  furnace  used  for  the  produc- 
tion of  cast  iron  is  mainly  distinguished  by  its  height, 
and  may  be  described  in  general  terms  as  a  conical 
hearth,  whose  walls  are  continued  upwards  into  a 
chimney  or  stack  of  increasing  but  variable  section; 
the  blast-nozzle  being  laid  horizontally  instead  of  in 
an  inclined  position.  The  height  of  the  upper  portion, 
I.e.  above  the  twyer  level,  may  be  from  ten  to  twenty 
times  as  great  as  that  below,  or  hearth  proper.  When 
the  furnace  is  at  work,  or,  as  it  is  technically  termed, 
in  blast,  it  is  kept  filled  to  the  top  or  throat  with  alter- 
nate layers  of  fuel,  ore,  and  flux,  the  latter  being  mixed 
in  proper  proportions  to  produce  the  most  fusible  com- 
binations of  the  earthy  matters,  a  constant  stream  of 
air  being  maintained  through  the  twyers,  at  a  sufficient 
pressure  to  pass  freely  through  the  contents  of  the 
furnace.  Part  of  the  incandescent  fiiel  subjected  to  the 
blast  is  completely  consumed,  burning  to  carbonic  acid 
with  a  development  of  the  maximum  of  heat,  whereby 
the  matters  immediately  adjacent  are  melted,  and  fall 
into  the  hearth,  where  they  separate  by  liquation  into 
metal  and  slag ;  the  latter,  being  specifically  lighter, 
rises  to  the  surface,  and  protects  the  former  from  the 


152  METALLURGY   OF    IROIC 

decarbiurisiDg  action  of  the  blast  The  carbonic  acid 
formed  in  the  first  instance,  encountering  fresh  fiiely  is 
reduced  to  the  state  of  carbonic  oxide,  a  process  that  is 
attended  with  a  great  absorption  of  heat,  bo  that  the 
region  in  which  a  temperature  suflSciently  high  for  the 
fusion  of  metal  and  slag  prevails  does  not  extend  more 
than  a  very  short  distance  from  the  point  of  intro- 
duction of  the  air.  The  carbonic  oxide  so  produced, 
and  the  unaltered  nitrogen  of  the  air,  when  brought  in 
contact  with  an  oxide  of  iron  at  a  red  heat,  is  again 
oxidised  to  carbonic  acid,  with  the  simultaneous  pro- 
duction of  metallic  iron,  which  becomes  carburetted  bjr 
farther  contact  with  carbonaceous  matters  in  its  descent 
towards  the  hearth. 

The  alternate  production  of  carbonic  acid  and  carbonic 
oxide,  by  the  reciprocal  action  of  carbon  and  oxides  of 
iron  upon  the  gases,  is  continued  in  the  upper  part  of 
the  frimace  as  long  as  the  temperature  remains  suffi- 
ciently high,  the  quantity  of  the  former  gas  being 
augmented  by  the  decomposition  of  the  limestone  flux 
generally  used.  Ultimately,  however,  a  sufficient 
amount  of  carbonic  oxide  remains  in  the  so-called 
waste  gases,  either  to  form  a  great  body  of  flame  at 
the  throat  of  the  furnace  when  the  current  is  allowed 
to  flow  freely  into  the  air,  or  a  valuable  fuel,  yielding 
sufficient  heat  for  all  the  accessory  operations  of  the 
furnace,  when  collected  and  utilised. 

The  shaft  of  the  blast  frimace  may,  therefore,  be 
considered  as  combining  within  itself,  and  performing 
the  functions  of,  several  distinct  furnaces;  thus  the 
hearth  is  devoted  entirely  to  fusion,  while  the  middle 
region  is  essentially  a  concentration  chamber,  and  the 
top  parts,  when  raw  fuel  and  flux  are  used,  combine 
the  functions  of  a  limekiln  with  those  of  a  coke  oven. 
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Taken  as  a  whole,  therefore,  the  reactioiiB  in  the 
manafactare  of  pig  iron  are  more  complex  than  those 
of  the  open-fire  process  of  making  malleable  iron 
direct  trom,  the  ore ;  but,  as  the  latter  is  only  one  out 
of  many  methods  by  which  the  same  product  is 
obtained,  it  will  be  more  conyenient  to  defer  its 
consideration,  and  commence  with  a  description  of  the 
fonner. 

Of  Blast  Furnaces,  In  its  original,  or  what  may  be 
considered  typical  form,  the  blast  fomace  consists  of  a 
shaft  or  chamber  formed  of  two  truncated  cones,  joined 
by  their  bases.  The  upper  and  more  acute  of  the  two 
cones  is  placed  upright,  and  is  known  as  the  stack, 
while  the  lower  and  more  obtuse  one  is  inverted :  the 
Kne  of  junction  forming  the  widest  part  of  the  fiirnace  is 
called  the  boshes,  possibly  a  corruption  of  the  German 
bauch.  Sometimes  the  lower  cone  is  continued  down 
to  the  level  of  the  ground,  but  more  generally  the  lower 
part  of  the  furnace  is  enlarged,  forming  what  is  known 
as  the  hearth,  in  which  the  molten  materials  coUect 
below  the  level  of  the  twyers  or  pipes  through  which 
the  blast  is  introduced. 

In  France,  the  space  between  the  twyers  and  the 
broadest  part,  or  top,  of  the  boshes  is  known  as  the 
laboratory  or  working  place  (ouvrage). 

The  top,  or  throat,  of  the  furnace  is  surrounded  by  a 
platform  for  the  convenience  of  charging,  and  is  in 
many  cases  covered  by  a  short  cylindrical  chimney, 
which  leads  off  the  flame  escaping  at  the  throat ;  this 
portion  of  the  furnace  is  known  as  the  tunnel  head. 

In  the  newer  forms  of  furnaces,  the  conical  or 
spindle-shaped  body  and  cylindrical  hearth,  with 
their  sharply-contrasted  divisions,  are,  for  the  most 
part,  superseded  by  more  flowing  forms,  the  straight 
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slopeB  of  the  sides  being  conyerted  into  curres,  giving  a 
more  or  less  barrel-shaped  outline  to  the  stack.  The 
same  terms  are,  however,  alike  applied  to  the  different 
parts,  the  boshes  being  taken  as  indicating  the  widest 
part  of  the  stack,  and  the  hearth  that  lying  below  the 
twyers. 

It  will  be  beyond  the  province  of  an  elementary 
sketch  like  the  present  to  enter  into  elaborate  details 
of  the  construction  of  blast  furnaces ;  only  some  of  the 
leading  points  will  be  noticed  in  the  following  order : — 

I.  External  form  and  construction. 

II.  Details  of  the  interior  lining,  or  working  parts. 

III.  Construction  of  the  hearth  and  Aimace  top. 
lY.  Accessory  apparatus,  such  as  lifts,  blast  engines, 

and  stoves. 

Y.  Methods  of  collecting  waste  gases. 

The  construction  of  blast  Aimaces  varies  very  con- 
siderably in  different  localities,  in  regard  to  size  and 
proportion  of  parts  to  each  other,  as  well  as  material 
employed.  In  the  early  days  of  pig-iron  manufac- 
ture, when  a  square  horizontal  section  was  in  gene- 
ral use,  the  external  form  weis  usually  that  of  a 
square  base,  pyramidal  tower,  tapering  uniformly  from 
the  ground  upwards,  which  became  modified,  on  the 
introduction  of  the  circxdar  stacks,  to  a  conical  or  cylin- 
drical form,  the  lower  portions  near  the  ground,  and 
surrounding  the  hearth,  still  retaining  the  square  base. 
Both  of  the  above  forms  are  characterised  by  extremely 
massive  construction,  the  lower  parts,  or  stack  pillars, 
forming  solid  four-sided  blocks  of  masonry,  braced  with 
iron  rods,  and  united  by  cylindrical  arches  into  the 
so-called  twyer  houses,  a  complete  circular  passage 
being  usually  formed  through  the  mass  of  the  pillars. 
When  the  whole  furnace  is  of  rectangular  section  it  is 
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braced  by  a  aimilar  system  of  tie  rods  tbroogli  the 
entire  height,  but  in  conical  or  cylindrical  fonas  iron 
hoopa,  placed  at  short  distances  apart,  are  used  for  the 
same  purpose.  With  OT^ery  increase  of  size  the  massive 
character  of  the  external  casing  of  the  blast  fiimace  has 
diminished  by  the  reduction  of  the  mass  of  masonry, 
and  the  substitution  of  cast  and  wrought  iraa  whenever 
it  ia  possible  t«  do  so  Thus  m  many  modem  English 
furnaces  the  old  stack  pillars  and  twyer  houses  have 


been  replaced  by  cast-iron  columns  or  standards,  ar- 
ranged in  a  circle,  whose  eoitablature  is  a  cast-iron 
ring,  carrying  the  whole  of  the  superstructure,  or  stack, 
HO  that  the  hearth  casing,  instead  of  bemg  accessible 
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only  at  tke  twyera,  is  now  freely  exposed  all  round.  In 
like  manner,  the  old  solid  stack  casing  of  masonry  and 
hooping  has  given  place  to  a  cylinder  of  wrought-iron 
plates  riveted  together.  The  latter  class  are  known  as 
cupola  furnaces,  from  their  resemblance  to  the  common 
iron-founder's  furnace  of  the  same  name. 

Examples  of  these  different  forms  of  construction  may 
be    seen    in    almost  every  iron-making  district.      The 


older  kinds,  with  massive  stacks,  are,  as  might  be  ex- 
pected, to  be  found  chiefly  in  the  older  districts^  such 
as  South  Wales,  Staffordshire,  and  Scotland ;  while  in 
the  newer  furnaces  of  the  north-eastern  counties  and 
Lancashire,  the  iron-jacketed  cupola  type  is  more  com- 
monly seen. 

Figs.  4  and  5,  which  are  the  section  and  plan  of  a 
small  charcoal  blaat  furnace  at  Safvenas,  in  Lapland, 
may  be  taken  as  an  example  of  the  more  massive  con- 
struction, with  square  pillars  and  a  round  stack,  while 
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Fig.  6  rq)reeeats  the  cnpola  form  of  fiiniace,  being  the 
sectioQ  of  a  large  coke  tai- 
nace,  smeltmg  hematite,  at 
Barrow^m-Fumesa,  Lanca- 
shire. The  other  points  in 
the  conatruction  of  both  these 
fiimaceB  will  be  referred  to  in 
the  sequel.  They  are  placed 
here  merely  as  types  of  coa- 
stmction. 

In  some  of  the  fomacee  of 
Sweden  and  Finland,  which 
are  of  comparativdy  sulbII 
dimensions,  the  out«r  casing 
is  formed  by  a  crib-work  of 
wood,  like  a  log  hut,  the  in- 
termediate q>ace  between  it 
and  the  interior  furoace  stack 
being  filled  in  with  earth. 

Construction  of  the  icorHng 
Parts  of  the  Fhtmaee.  The 
**  fliiS''"™  F™™"""'  shaft,  or  stack,  of  the  fur- 
nace, xe.  the  upper  part 
aboYe  the  boshes,  is  constructed  at  the  same  time  as 
the  casing.  It  is  now  invariably  formed  of  fire>bricks, 
which  are  moulded  to  the  proper  curve  of  each  ring. 
The  thickness  of  the  shaft  or  ring  wall  is  about  15  or 
18  inches,  the  joints  being  brought  to  a  fine  &ce  an.d 
set  in  fire-clay.  A  second  wall  is,  in  the  more  massive 
cloBB  of  furnaces,  placed  immediately  outside  the  first ; 
tikis  may  be  either  of  common  or  seconds  fire-brick, 
sod  set  in  cement ;  outside  of  all,  comes  the  exterior 
casing,  which,  as  baa  been  already  steted,  may  be  either 
of  iron,  brick,  or  masonry. 
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A  small  ftnTinlftr  space,  filled  either  with  loose  sand  or 
small  fragments  of  broken  slag,  is  usually  interposed 
between  each  successive  lining,  in  order  to  allow  for  any 
alterations  of  form  produced  by  the  expansion  of  the 
inner  one.  In  the  outer  casing  a  number  of  square 
holes  are  often  J)rovided  for  the  escape  of  moisture; 
these  are  more  especially  used  in  furnaces  which  only 
remain  in  blast  for  a  certain  period  of  the  year,  as  is 
the  case  in  Sweden,  but  in  those  that  work  continuously, 
they  are  often  omitted. 

The  lower  portion  of  the  furnace,  including  the 
hearth  and  boshes,  is  built  after  the  completion  of  the 
stack.  The  foundation  of  the  hearth  varies  with  the 
nature  of  the  g^und,  and  may  sometimes  require  to  be 
commenced,  in  concrete  and  rubble  work,  at  a  consider- 
able depth  below  the  surface;  the  hearth  bottom  consists 
of  a  thick  layer  of  fire-brick,  or  sandstone,  in  blocks  of 
as  large  a  size  sis  can  be  obtained,  or  in  some  cases  both 
materials  are  used.  The  bricks  for  this  purpose  are 
laid  in  the  form  of  an  inverted  flat  arch,  in  order  that 
they  may  not  be  forced  up  in  the  event  of  the  molten 
metal  finding  its  way  through  the  joints.  When  a  bed 
of  masonry  is  used  below  the  hearth  bottom,  it  is 
generally  built  with  a  system  of  channels  or  flues  inter- 
secting at  right  angles,  through  which  air  circidates, 
and  prevents  the  access  of  moisture  from  the  ground 
to  the  hearth.  The  arrangement  of  these  flues  is 
shown  in  Fig.  4. 

The  sides  of  the  hearth  and  boshes,  up  to  their  junc- 
tion with  the  stack,  require  to  be  made  of  refractory 
material,  and  also  of  considerable  thickness,  having  to 
withstand  a  very  high  degree  of  heat,  in  addition  to 
the  common  action  of  the  molten  slags.  When  the 
rectangular  hearth  was  used,  it  was  customary  to  build 
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these  parts  of  sandstone  similar  to  that  employed  for 
the  hearth  bottom^  but  for  the  circular  form  brick  is 
generally  adopted,  and  is  in  almost  all  cases  to  be  pre- 
ferred 

In  Sweden  and  Germany  the  hearth  and  boshes  are 
often  formed  of  a  mixture  of  finely-crushed  quartz  or 
ground  fire-brick,  and  fire-clay,  applied  in  a  plastic 
state,  and  rammed  tight  between  the  casing  walls  and 
a  wooden  core  or  mould  of  the  proper  shape  of  the 
cavity  required,  which  is  afterwuds  removed.  This 
kind  of  hearth,  which  is  represented  in  the  Swedish 
furnace,  Figs.  4,  5,  is  found  to  answer  well  in  practice 
for  furnaces  of  small  diameter,  but  requires  to  be  very 
carefully  dried  before  being  heated,  in  order  to  prevent 
irregular  shrinkage  and  cracking. 

A  short  distance  above  the  ground  level  the  passages 
for  the  introduction  of  the  blast  are  perforated  through 
the  wall  of  the  hearth.  These  are  known  as  the  tioyer 
holes,  and  vary' in  number  from  two  to  six.  On  the  front 
or  working  side  of  the  hearth,  a  square  or  flat-arched 
opening  extends  from  the  hearth  bottom  to  a  little  above 
the  level  of  the  twyer  holes.  The  vertical  sides  of  this 
opening  are  prolonged  outwards  for  a  short  distance 
into  a  rectangular  cavity,  known  as  the  fore-hearth, 
which  is  bounded  in  front  by  a  wall  of  refractory 
niaterial,called  the  chim.  The  arch  covering  the  opening 
is  called  the  tt/mp  arch. 

The  exterior  of  the  hearth,  and  the  faces  of  the  nume- 
rous apertures  pierced  through  it,  are  strengthened 
with  cast-iron  plates  and  wrought-iron  bracings.  The 
under  side  of  the  arch  is,  in  large  fornaces,  usually 
protected  by  a  cast-iron  box  or  block,  having  a 
wrought-iron  serpentine  pipe  inside,  through  which  a 
corrent  of  water  is  kept  flowing,  in  order  to  protect  the 
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of  the  stack,  or  ttiroat  of  the  fiimace,  is  surrounded  by 
a  platform  or  charging:  plate  sufficiently  broad  to  give 
room  for  working  the  barrows  used  in  filling  ore,  fuel, 
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and  fluxes.     In  the  older  aquare-atacked  furnaces,  suffi- 
cient space  for  thia  purpose  could  usually  be  found 


between  the  ring  wall  and  the  external  casing  ;  bat  in 
the  more  taper  cylindrical  or  conical  forms  of  modem 
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times,  additional  Burface  is  necessary.  This  is  provided 
by  an  oyerhanging  gallery  carried  upon  brackets,  con- 
structed entirely  of  cast  and  wrought  iron.  When 
two  OT  more  Aimaces  are  placed  adjacent  to  each  other, 
their  galleries  are  united  by  bridges,  which  communi- 
cate with  the  lifts  for  bringing  up  materials  to  the 
furnace  top. 

When  the  gases  are  allowed  to  bum  at  the  throat, 
it  is  necessary  to  provide  a  chimney  in  order  to  carry 
the  flame  clear  of  the  charging  place.  For  this 
purpose  a  short  cylinder  of  brickwork  hooped  with 
wrought  iron,  or  even  of  cast  iron,  is  used,  known  as 
the  tunnel  head.  The  charging  holes  are  rectangular 
apertures,  varying  in  niunber  with  the  diameter  of  the 
throat,  in  the  lower  part  of  the  timnel  head,  through 
which  the  charges  of  ore,  fluxes,  and  fuel  are  intro* 
duced.  Except  at  the  time  of  charging  they  are  gene- 
rally closed  by  wrought-iron  shutters. 

The  arrangements  of  the  head  of  the  furnace  when 
the  gases  are  collected  are  somewhat  more  complicated, 
and  will  be  described  further  on. 

Lifts.  In  hilly  countries,  where  the  valleys  are  deep, 
it  often  happens  that  blast  furnaces  can  be  placed  below 
the  general  level  of  the  ground,  supplying  the  ores 
and  fuel,  so  that  all  materials  necessary  for  working 
may  be  delivered  at  the  furnace  top  without  any  special 
appliances.  In  flat  ground,  on  the  other  hand,  such  as 
prevails  in  most  of  the  iron  districts  of  England,  it 
becomes  necessary  to  resort  to  mechanical  lifts  for 
raising  the  charges.  The  following  are  some  of  the 
forms  more  generally  employed. 

Inclined  Planes.  These  are  mostly  to  be  found  in  old 
works,  the  more  directly  vertical  lift  being  generaUv 
preferred  at  the  present  day.     They  are  usually  ir 
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with  a  donble  line  of  railway,  or  with  a  single  line  and 
crossings  for  the  return  trucks,  carried  on  trestle  work. 
The  inclination  is  usually  not  more  than  25  or  30 
degrees.  The  most  convenient  form  of  truck  is  a 
criangular  frame,  with  two  pairs  of  wheels  of  unequal 
height,  supporting  a  horizontal  platform  of  sufficient  size 
to  carry  four  or  more  of  the  iron  wheelbarrows  used  in 
charging,  with  their  loads.  The  motive  power  is 
usually  a  steam  engine  of  from  10  to  20  horse  power, 
working  a  pair  of  winding  drums.  The  load  is  drawn 
either  by  wire  ropes,  or  in  Staffordshire  by  flat-linked 
chains,  such  as  are  used  in  the  same  district  for  draw- 
ing in  collieries. 

At  the  Barrow  Iron  Works,  in  Lancashire,  two  in- 
clined planes  are  used  for  the  supply  of  seven  furnaces. 
They  are  carried  by  bow  and  string  girders  of  wrought 
iron,  and  extend  from  the  ground  to  the  top  of  the 
furnace,  with  only  one  intermediate  support.  The  plat- 
form waggon,  carrying  the  barrows,  is  received  into  a 
recess  in  the  charging  platform,  and  a  similar  one 
below,  so  that  the  barrows  with  the  loads  may  be 
wheeled  on  and  off  on  their  arrival  at  either  end.  The 
motive  power  is  a  high-pressure  steam  engine  placed 
behind  the  fiimaces,  working  a  wire-rope  drum.  About 
4,000  tons  of  materials  are  lifted  weekly  by  each  plane. 

The  most  approved  form  of  lift,  where  large  quan- 
tities of  material  have  to  be  raised  to  a  considerable 
height,  is  a  cage  moving  between  vertical  guides  exactly 
similar  to  those  used  in  collieries.  As  the  load  is  com- 
paratively quickly  raised,  it  is  a  useful  precaution, 
wheie  steam  power  is  used,  to  have  no  self-acting  valve 
gear,  but  to  let  the  engine  be  entirely  worked  by  hand, 
in  order  to  prevent  the  chance  of  accidents  from  over- 
winding. 


OF  THE   BLAST   FURNACE   AND   ITS   ACCESSORIES.    165 

The  water  balance  is  an  old  and  favonrite  form  of 
lift  for  small  furnaces.  It  consists  of  two  cages  moving 
vertically  and  guided,  united  by  a  rope  or  chain  passing 
over  a  guide  pulley ;  below  the  floor  of  each  cage  is 
fixed  a  water-tight  box,  provided  with  a  discharge 
valve  in  the  bottom.  When  the  empty  cage  is  at  the 
top  of  its  stroke,  water  is  allowed  to  flow  into  the  box 
until  the  weight  is  sufficient  to  pull  up  the  other  cage 
with  a  &esh  load,  the  speed  being  regulated  by  a  brake 
on  the  guide  pulley.  As  soon  as  the  return  cage  reaches 
the  ground,  the  projecting  stalk  of  the  discharge  valve 
strikes  against  a  catch,  and  is  driven  up,  leaving  a 
passage  for  the  water,  which  runs  out,  and  the  cage  is 
ready  for  another  ascent  when  loaded.  The  chief  merit 
about  this  plan  is  its  extreme  simplicity  and  the  large 
useful  effect  got  from  the  water,  especially  if  a  natural 
fall  can  be  used,  otherwise  it  must  be  pumped  up  by 
special  machinery.  The  principal  objection  to  it  is  the 
difficulty  of  keeping  the  water  boxes  tight,  the  lift 
houses  being  generally  damp  and  sloppy  from  leak- 
ages. 

A  more  perfect  kind  of  hydraulic  lift  is  that  con- 
structed upon  Sir  William  Armstrong's  system,  where 
the  lifting  cage  is  connected  to  a  water-pressure  engine 
by  means  of  a  chain  passing  over  a  system  of  compound 
pulleys,  so  that  when  the  engine  makes  a  stroke  of  6 
or  8  feet  the  load  is  lifted  through  a  height  six  or 
eight  times  greater,  according  to  the  multiplying  pur- 
chase of  the  tackle. 

Pneumatic  lifts  are  now  used  to  a  considerable  extent 
in  England,  as  the  necessary  power,  compressed  air," 
niay  be  readily  obtained  from  the  main  blast  engines 
supplying  the  furnaces.  The  simplest  form  is  a  wrought- 
iron  cylinder,  open  at  the  bottom  and  closed  at  the  top, 
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about  6  or  8  feet  in  diameter,  and  somewhat  longer 
than  the  height  of  the  fdmace,  suspended  in  a  tank 
by  oonnter-bahmce  weights  passing  over  pulleys  in  a 
manner  exactly  similar  to  an  ordinary  gasometer.  A 
pipe  for  the  admission  of  air  at  3  or  4  lbs.  per  square 
inch  above  the  atmospheric  pressure,  is  introduced 
through  the  tank.  The  wa^on  to  be  lifted  is  carried 
on  the  top  of  the  bell,  and  as  the  whole  of  the  moving 
parts  of  the  apparatus  are  balanced,  the  amount  of  power 
required  is  only  that  necessary  to  raise  the  additional 
load.  For  the  return  stroke,  the  air  within  the  bell  is 
allowed  to  escape  by  opening  a  valve  communicating 
with  the  atmosphere,  the  weight  of  the  empty  waggon 
being  sufficient  to  lower  the  bell  in  the  tank. 

In  Gjers'  pneumatic  lift,  which  is  much  used  in  the 
newer  Cleveland  furnaces,  the  motive  power,  instead  of 
being  taken  from  the  main  blast  engine,  is  furnished 
by  a  pair  of  double-acting  air-pumps,  the  lift  being 
effected  by  the  pressure  of  the  atmosphere  acting  against 
a  vacuum  in  a  cylinder,  while  the  empty  waggons  are 
returned  by  compressing  air  under  the  piston. 

The  Jacob's  ladder,  or  endless  chain  system  of  lift, 
usually  described  in  older  works,  is  probably  no  longer 
in  use. 

Blomng  Machines.  The  use  of  cast-iron  cylinder 
blast  engines  has  almost  everywhere  superseded  the 
ruder  contrivances  of  wooden  chests  with  square  pis* 
tons,  bellows,  &c.  In  Sweden,  for  small  furnaces  and 
forges,  the  single-acting  form  of  engine  is  much  used, 
being  cheap  and  economical  in  working  and  main- 
tenance. Usually  three  inverted  vertical  cylinders  are 
employed,  of  about  3^  or  4  feet  diameter  and  length 
of  stroke,  carried  on  cast-iron  or  wooden  standards,  and 
driven  directly  by  a  water- wheeL 
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The  cylinder  is  provided  with  an  air-tight  piston,  to 
which  a  reciprocating  motion  is  imparted  by  appropriate 
mechanism.  Two  sets  of  yalves  are  placed  on  the 
cylinder  coyer :  the  longer  series  open  inwards  as  the 
piston  recedes,  giving  a  passage  for  the  admission  of 
the  external  air,  and  at  the  change  of  stroke  are  closed 
by  the  compressing  force  exerted  by  the  piston  on  the 
included  air ;  and  the  second  series,  or  discharge  yalves, 
which  are  in  connection  with  the  blast  reservoir,  open, 
and  allow  the  compressed  air  to  pass  out.  .  In  the 
single-acting  engine  only  one  end  of  the  cylinder  is 
covered  and  provided  with  valves  ;  while  in  the  double- 
acting  form  (represented  in  Fig.  9)  both  ends  are 
similarly  arranged,  so  that  one  side  of  the  piston  is 
drawing  air  through  the  intake  valves,  a,  while  the 

other  is  compressing  the 
volume  taken  in  at  the  pre- 
ceding stroke,  and  driving  it 
over  into  the  reservoir  through 
the  discharge  yalves,  b. 

The  valves  employed  are 
generally  oblong  rectangular 
plates,  with  their  shorter  sides 
placed  vertically — one  of  the 
long  sides  forming  the  hinge. 
In  order  to  combine  rigidity 
with  lightness,  it  is  usual  to 
make  them  of  a  combination 

Pij>  9.— Cylinder  blast  engine.  /»x-i-»       -l      x»  •av  j.^^2. 

01  thm  sheet  iron,  with  contact 
surfaces  of  felt,  leather,  or  india-rubber.  The  hinge 
niay  be  either  of  metal,  accurately  fitted,  or  merely  a 
flexible  leather  flap.  The  seats  or  boxes  to  which  they 
are  affixed  are  usually  rectangular  tubes  projecting  from 
the  outer  fSsuse  of  the  cylinder  cover.    In  order  that  the 
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valves  may  close  by  their  own  weight  when  relieved 
from  the  pressure  of  the  air,  it  is  usual  \;0  fix  the  beat- 
ing  face  of  the  seat  in  an  inclined  position,  or  counter- 
balance weights  or  springs  of  steel  or  india-rubber  may 
be  used  for  the  same  purpose. 

As  the  motion  of  the  valves  is  similar  to  that  of 
the  pendulum,  the  time  required  for  opening  and 
shutting  them  is  dependent  on  their  vertical  length, 
so  that  the  piston  cannot  be  driven  beyond  a  certain 
speed,  unless  mechanical  means,  capable  of  being 
increased  pari  passu  with  the  speed  of  the  engine, 
be  employed.  This  has  been  attempted  in  the  so- 
called  slide-blowing  engines,  where  the  flap  valves 
are  replaced  by  a  slide  similar  to  that  used  in 
steam  engines,  which  travels  at  the  same  rate  as  the 
piston,  and  places  the  apertures  at  either  end  alter- 
nately in  communication  with  the  external  air  and  the 
blast  reservoir.  The  system  of  construction  has  been 
adopted  at  different  times  both  in  England  and  on  the 
Continent.  The  best-known  form  is  Slate's  engine, 
where  the  slide  is  annular,  and  placed  outside  of  the 
vertical  blast  cylinder,  receiving  motion  by  means  of  a 
pair  of  parallel  rods  connected  with  the  rotary  shaft  of 
a  steam  engine  below.  The  form  of  the  slide  is  the 
solid  of  revolution  produced  by  the  rotation  of  an 
ordinaiy  -/^  shaped  glide  valve  about  a  vertical  axis, 
formed  by  the  centre  line  of  the  steam  and  blast  pistons. 
In  Thomas  and  Laurent's  arrangement  the  cylinder  is 
horizontal ;  the  air  passages  are  of  a  rectangular  form, 
and  are,  together  with  the  slide,  placed  laterally  in  the 
same  manner  as  the  steam  ports  and  slide  valve  in  an 
ordinary  horizontal  steam  engine. 

In   Fossey's   engine,  which  was   exhibited   in   the 
Belgian  deppjptment  of  the   Exhibition  of  1862,  the 
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slide  yalye^  are  replaced  by  discs  with  radial  perfora- 
tions, which  are  put  in  slow  rotary  motion  by  gearing 
from  the  fly-wheel  shaft.  A  jacket  is  cast  round  the 
cylinder^  with  an  interspace  forming  the  passage  &om 
the  cylinder  to  the  reservoir.  The  apertures  in  the 
disc  are  sixteen  in  number,  a  corresponding  series 
being  formed  in  the  cylinder  ends,  which  are  alter* 
nately  opened  and  closed  by  the  rotation  of  the  disc  in 
conformity  with  the  motion  of  the  piston.  In  the  for- 
mer position  the  external  air  is  admitted,  while  in  the 
latter  the  voltime  enclosed  is  driven  over  into  the 
jacket  and  reservoir.  In  practice  the  use  of  the  slide 
blast  engine  has  not  been  found  to  be  advantageous, 
owing  to  the  large  amount  of  mechanical  effect  con- 
sumed by  the  friction  of  the  slide  against  the  rubbing 
face  of  the  cylinder,  which  would  be  great  in  itself,  on 
account  of  the  high  speed  at  which  they  require  to  be 
driven,  but  is  materially  increased,  owing  to  the  dusty 
state  of  the  atmosphere  almost  unavoidable  in  iron 
works. 

In  the  ordinary  form  of  engine  with  flap  or  clack 
valves  it  is  necessary  to  provide  as  large  an  area  of 
air  ways  as  can  be  got  out  of  the  surface  of  the  cylinder 
cover.  The  intake  passages  should  be  made,  if  possible, 
equal  to  one-half,  and  the  outlet  about  one-eighth,  of 
the  area  of  the  piston.  As  it  is  impossible  in  large 
engines  to  use  single  valves  of  these  dimensions,  on 
account  of  their  weight,  and  consequent  liability  to  give 
rise  to  injurious  shocks  in  working,  it  is  customary, 
therefore,  to  employ  a  number  of  small  valves,  whose 
united  areas  make  up  the  required  amount  of  surface. 

The  question  of  the  relative  advantages  of  horizontal 
and  vertical  blast  cylinders  has  been  discussed  at  con« 
siderable  length  by  engineers,  both  in  this  country 
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aud  on  the  Continent.      As  in  many  other  matters 
depending  upon  practical  experience,  there   is  much 
to  be   said  on    either   side.      For    engines  of   small 
dimensions  the  horizontal  form  is  cheaper,  and  may  be 
worked  with  the  least  amount  of  clearance  from  the 
vertical  position  of  the  cylinder  covers,  which  may  be 
pierced  through  like  a  giidiron,  giving  a  bearing  for 
the  valves,  without  any  overhanging  parts  or  valve 
boxes.      The  required  foundations  may   also  be  less 
massive  than  in  the  vertical  form,  owing  to  the  longer 
bearing  of  the  framing,   when  a  horizontal  direct- 
acting  steam  engine  is  the  motor ;    this,   of  course, 
necessitates  the  comparatively  larger  surface  for  the 
engine-house.      On  the  other  hand,  the  difficulty  of 
lubrication  is  increased,  as  the  powdered  graphite,  which 
is  generally  used  for  this  purpose,  instead  of  being 
uniformly  distributed  round  the  pistons,  is  apt  to  fall 
to  the  bottom  of  the  cylinder,  while  the  upper  side 
works  dry,  and  the  cylinder  wall  is  wom^  irregularly, 
and  becomes  ovalised.     The  difficulty  of  keeping  the 
weight  of  the  piston  off  the  bottom,  and  producing  the 
same  kind  of  unequal  wear,  is  also  urged  against  the 
use  of  large  horizontal  cylinders;  but  this  objection, 
which  has  also  been  applied  in  the  case  of  horizontal 
steam  engines,  does  not  appear  to  be  productive  of  any 
practical  disadvantage  in  the  larger  modern  engines 
used  for  screw  propulsion,  whose  diameters  are  quite 
equal  to  those  of  the  average  of  blast  cylinders. 

In  regard  to  vertical  beam  engines  the  chief  disad- 
vantages are  their  great  length  and  expensive  character 
of  construction,  and  the  extra  amount  of  clearance,  equal 
to  the  volume  of  the  valve  boxes,  rendered  necessary  by 
the  horizontal  position  of  the  cylinder  covers ;  on  the 
other,  they  have  the  great  advantage  of  stability,  and 
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may  be  made  of  any  dimensions ;  thus,  in  South  Wales, 
engines  are  in  use  with  blast  cylinders  up  to  12  feet  in 
diameter.  In  engines  giving  small  volumes  of  blast  at 
very  high  pressure,  such  as  are  used  in  Bessemer's 
process,  the  valves  require  to  be  made  extremely 
light:  the  construction  employed  in  such  cases  is  a 
plain  ring  or  plate  of  india-rubber  covering  a  perfo- 
rated plate,  which  opens  and  shuts  by  its  own  elasticity 
when  exposed  to,  or  relieved  from,  pressure. 

In  Coulthard's  blast  engines  the  air  passages  are 
circular  holes  in  the  cylinder,  sinplar  to  those  used  by 
Bessemer,  but  the  valves  are  light  wooden  balls  covered 
with  india-rubber,  which  are  arranged  on  inclined  and 
grooved  seats,  sloping  in  a  direction  contrary  to  that  of 
the  current  of  air,  so  that  when  the  pressure  is  suffi- 
cient to  drive  the  balls  up  the  incline  the  air  way  is 
opened ;  but  as  soon  as  it  is  relieved,  they  roll  down 
again,  and  stop  the  passage. 

The  combination  of  the  blast  and  steam  cylinders, 
when  steam  power  is  used,  is  effected  in  various  ways. 
The  larg^  vertical  engines  of  modem  date  in  this 
countiy  are  beam  engines,  the  main  bearing  being 
supported  either  on  the  engine-house  wall  or  on  an 
sntablatore  carried  by  cast-iron  columns.  The  piston- 
rods  are  attached  by  the  ordinary  parallel  motion.  On 
the  steam  side,  the  beam  is  often  continued  beyond  the 
point  of  articulation  of  the  piston-rod,  and  turned  up- 
ward into  a  short  crane  neck,  to  the  end  of  which  the 
connecting-rod  working  the  fly-wheel  is  attached. 
This  arrangement  permits  the  use  of  a  long  light  con- 
necting-rod, without  unduly  increasing  the  surface 
occupied  by  the  engine. 

In   Belgium,    direct-acting   engines   with    vertical 
cylinders  are  much  used,  the  blast  cylinder  being  placed 
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wanted.  For  charcoal  furnaces  from  30  to  40  horse 
power  is  considered  sufficient,  but  with  the  larger  ones, 
working  on  coke,  from  80  to  100  horse  power  is  found 
to  be  necessary,  as  in  other  districts. 

The  same  kind  of  horizontal  engine  is  generally 
adopted  in  new  works  in  Sweden  and  Lapland,  having 
only  a  single  charcoal  Aimace. 

The  working  limits  of  blast  pressure  vary  with  the 
nature  of  the  fuel  employed,  and  the  burden  of  the 
furnace,  &c.  Thus,  in  some  of  the  small  charcoal 
furnaces  of  Northern  Europe,  it  does  not  exceed  half 
or  three-quarters  of  an  inch  of  mercury  above  that  of 
the  atmosphere ;  while  in  American  anthracite  fur- 
naces as  much  as  15  inches,  or  7|  lbs.,  is  used.  In 
England  from  2^  to  3  lbs.  is  used  with  cold  blast  and 
tender  fuel,  but  3 J,  4,  or  6  lbs.  is  common  with  hard 
coke.  In  Bessemer's  process  of  steel-making,  by 
forcing  air  through  a  column  of  molten  pig  iron,  a 
pressure  of  from  15  to  20  lbs.  per  square  inch  is 
used. 

The  largest  blast  engines  hitherto  constructed  are 
those  at  Dowlais  and  Ebbw  Vale,  in  South  Wales  ;  the 
former,  which  was  erected  by  the  late  Mr.  Truran,  has 
a  cylinder  144  inches  in  diameter,  with  the  same 
length  of  stroke ;  the  area  of  the  admission  valves  is  56 
square  feet,  that  of  the  discharge  valves  16  square  feet, 
the  former  being  equal  to  half  the  surface  of  the  piston. 
The  steam  cylinder  is  56  inches  in  diameter,  with  a 
piston  making  a  stroke  of  13  feet,  the  motion  being 
transmitted  by  an  unequal-armed  beam.  Owing  to  the 
large  area  of  the  air  ways  a  very  high  speed,  as  many 
as  20  strokes  per  minute,  can  be  obtained.  The  volume 
of  blast  delivered  is  about  61,000  cubic  feet,  at  a 
pressure  of  3J  lbs.,  sufficient  for  the  supply  of  six  large 
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ULc    Ttmini^    JL    'u,rwr-^^  «^?TS3sL  ummecs  by  one 

> --.r'^iiut:^   ^  -^    y»rr>^i^rT*x:-r^    "t«;  a^  t3fi  safetT  of  the 
*ir*?:aiiCBS .!Ki^     ti     rt.riiTxjyTTHt    ut  "lit;  ^iveait  q£  S  l»€ak- 

>  iitrmun?-    TT'i'irTSi.ijd  ~r>  iivrue  "iifi  wrndk  bi^nreen  two 
r   :»..n^    iiic -ti«s  ucrLT^iir^  ~o  ittf  znxmher  of  fiiznaces 

V  ItHTT*    wtr^  -a-  :Hilr  x  sn^ri  nrmace,  as  is 

J>u«i  J'  •  f...w-r^     IIi^  iir  ir  o^asc  ianes  inm  the 
:?u}>*ii-j::C  ^--^-^.'ii"  :r  ifci  jT«!^iiar  :tcLfiaui»  *jwiii^  to  the 

ti»=  5<i4.*ev7  :j^ii!^  T:r:trHiittK«i  rar^TTg  tate  period  of 
-uu-*aaA.  -rjiiti*s>tsfeit^ii  iittr  :itf  iiCCT^  dt  tiie  izitake,  and 
>aior^  fins  jf^jiiuLriC  ii  ^11^  n:^cfTargg  icstrg^  In  order, 
'Ufcftiuirtv  :u  ^re^ttcti  X.  ^Eaaa^  oarrsnc  ar  the  foznace, 
:C  j>^  :t««;!«i$ssr^  :^  :isit  ^samft  imiwrT  <:if  eq^OBaliang  the 
^^ctjsi^iiir^  r!ii$.  :»;iv^  >^  itmi^  tdiiiur  &▼  recetTing  the 
:>ias^$  iuci/  ^  :5tJ6$sff^t;\r  ^n%jse  ^immni^  »  seTeral  times 
:a^c  }i  ZM  :i\ontix^  ::^  oaxic.  ir  b^  j^IrTanig  it  into  a 
^^viixi  vTviut!^^  >>HtcuLaxit^  J.  luued  pcsCiHX,  which  rises 
Elicit  :ih^  ^^spF^>^  ^  ^iafit  is-  ^c^^ioer  tfian  the  amount 
>^iiir«^  ^5  '^  tibcaac^;  bofi  w&em  the  quantity 
uittuxisj&i^  !^  pt&QcMt  &il^  ami  exsesrts  a  compressing 
:«>|;^^^>.  undl  tsoi^  ^cttlibrtiaa  is  lestond  bj  increesing 
rbsk^  ^^^  of  dfe»  ^ii^uii^  The  same  dfect  may  be 
^i>xilu!C^  wick  fees  lo6»  fipom  frietioii^  by  the  use  of  a 
Loii4^  b^  or  gasometeiv  floating  in  a  water  tank. 
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The  Tolume  of  these  regulators  may  be  from  one  and 
a  half  to  twice  that  of  the  blast  cylinder. 

Fixed  reservoirs  are  usually  made  of  wrought  iron  ; 
formerly  a  spherical,  or  balloon-shaped  form  was  com- 
monly adopted,  but  they  are  now  more  generally  made 
cylindrical,  with  flat  ends  like  high-pressure  steam 
boilers.  The  thickness  of  the  plates,  of  course,  depends 
upon  the  pressure  and  dimensions  employed,  as  well  as 
the  form  adopted:  from  one-twelfth  to  one-eighth  of 
an  inch  may  be  taken  as  sizes  commonly  used.  The 
volume  of  the  regulator  may  be  from  twenty-five  to  fifty 
times  as  great  as  theamountof  blast  in  cubic  feetdelivered 
by  the  engine  per  second,  when  it  is  placed  near  the 
furnace,  but  this  may  be  considerably  diminished  when 
a  long  blast  main  is  used.  Indeed,  it  often  happens 
that  sufficient  uniformity  can  be  got  in  the  latter  case, 
especially  when  several  engines  are  used,  by  blowing 
into  the  main  direct,  without  the  use  of  a  special 
regulator. 

Ilegulators  in  masonry  or  brickwork  are  usually 
lined  with  cement  in  order  to  protect  the  air  from 
taking  up  moisture.  A  regulator  of'  this  character, 
consisting  of  a  chamber  cut  out  in  the  solid  rock,  was 
applied  at  Devon  Iron  Works,  in  Scotland,  as  early  as 
1792. 

Blast  Heating  Apparatus.  The  use  of  heated  air  in 
the  blast  furnace,  which  was  first  introduced  by  Neil- 
son  in  1828,  has  been  found  to  be  attended  with  a 
great  economy  of  ftiel,  and  at  the  same  time  the  work- 
ing power  of  the  furnace  is  increased.  It  is  therefore 
employed  at  the  present  day  in  iron-making  districts 
all  over  the  world,  almost  to  the  exclusion  of  cold 
blast,  the  latter  being  retained  only  for  certain  special 
makes  which  command  an  extra  price,  and  may  there- 
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fore  be  produced  without  the  strict  regard  to  econo- 
mical considerations  which  is  necessary  when  working 
on  an  article  of  lower  repute. 

The  amount  to  which  the  temperature  of  the  blast 
may  be  raised  with  advantage  does  not  appear  to  have 
any  practical  limit,  every  fresh  increase  being  attended 
with  further  saving  of  fuel ;  thus,  in  the  first  instance, 
100^  were  found  to  be  an  advantage  over  air  at  the 
ordinary  temperature ;  then  came  temperatures  of  200^ 
— 400^,  up  to  the  melting-point  of  zinc ;  and  now  it  is 
actually  used  at  a  visible  red  heat,  or  about  700*^. 
Thus  it  was  found  that  a  saving  was  produced  of 
5  cwt.  of  coke  per  ton  of  iron  made  by  using  air 
heated  to  about  660^,  instead  of  the  lower  tempera- 
ture of  360®  or  400*^,  previously  employed.  The  dif- 
ficulty of  keeping  the  apparatus  tight,  and  the  rapid 
destruction  of  metal  pipes  when  heated  to  redness  in 
air,  render  a  special  construction  necessary  for  the 
production  of  such  extremely  hot  blast  economically. 

The  greater  number  of  blast-heating  apparatus  in 
use  at  the  present  time,  and  known  as  hot  bloat  ovens  or 
staves,  consist  essentially  of  a  series  of  parallel,  or 
spiral  tubes,  arranged  in  a  chamber  of  fire-brick,  and 
heated  externally  by  a  fire.  The  opposite  ends  of 
these  tubes  are  connected  with  two  mains  intersecting 
them-  at  right  angles.  One  of  these  supplies  cold  air, 
while  the  other,  or  hot  blast  main,  removes  the  heated 
air. 

In  the  older  forms  of  stove,*  such  as  that  originally 
adopted  at  Calder,  in  Lanarkshire,  the  fireplace  is  an 
oblong  rectangle  in  plan.  The  two  mains,  whicb  are 
placed  parallel  to  the  longer  sides,  are  of  a  circular 
section,  and  cast  with  a  number  of  circular  sockets  for 
the    heating   pipes.     These   are    arched,   horse-shoe. 
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8:pIioii,  or  iDverted  U  pipes,  also  circular  in  section, 
placed  with  the  arched  portion  upright,  and  luted  into 
the  Bocketa  on  the  mains. 
The  fire-grate  runs  along 
the  whole  length  of  the 
bottom,  and  the  flame, 
after  playing  on  the  un- 
der sides  of  the  tubes, 
passes  between  and  around 
them,  by  means  of  appro- 
priate flues,  into  the  chim- 
ney, while  the  cold  air,  en- 
tering by  the  main  on  one 
side,  flows  continuously 
through  the  arched  pipes, 
where  it  becomes  heated, 
and  passes  off  to  the  fur- 
(inmnj.  ^^^^  ^^  ^^  oppoBite  main. 

This  an-angement  is  shown,  in  Fig.  10,  in  section 
across  the  shorter  side  of  the  stove :  a  is  the  cold  blast 
main;  b  the  hot  blast  main;  c  the  arched  heating 
pipe  set  in  sockets  on  the  two  mains ;  and  d  the  fire- 
grate. 

To  obviate  the  defects  of  this  apparatus,  many 
special  modifications  have  been  introduced.  Thus, 
m  order  to  get  a  greater  amount  of  heating  surface, 
the  horse-shoe  pipes  are  now  usually  made  of  flattened 
elliptical,  or  rectangular,  instead  of  circular  section. 
A  smaller  radius  of  curvature  for  the  arch  has  been 
obtained  by  the  use  of  inverted  V  pipes,  and  more 
uniformity  in  heating,  by  the  introduction  of  stops 
at  intervals  in  the  entry  main,  so  that  the  air  is 
made  to  pass  alternately  backwards  and  forwards 
Bcvoral    times    across    the   arch,   instead   of   moving 
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only  in  one  direction^  as  was  the  case  (n  tne  original 
form. 

Whatever  system  of  construction  is  used^  the  air 
should  pass  through  the  apparatus  in  the  reverse  direct 
tion  to  the  flame,  entering  cold,  at  the  end  farthest 
from  the  hottest  point  of  the  fire. 

Arch-headed  pipes  are  very  easily  broken  by  irre- 
gular expansion  at  the  crowns,  if  a  certain  freedom 
of  motion  is  not  allowed  to  the  ends ;  this  is  equally 
provided  against  by  placing  one  of  the  mains  loose  on 
its  bed,  supporting  it  by  spherical  bearings,  so  that  it 
may  travel  outwards  to  a  slight  extent  as  the  pipes 
become  heated. 

Bound  and  oval  ovens  have  been  introduced  to 
obtain  ^  more  uniform  heat  than  can  be  got  by  the 
old  rectangular  form.  These  terms  refer  to  the 
shape  of  the  base,  or  fireplace.  The  mains  are  re- 
placed by  a  cast-iron  box  of  a  square  or  trapeziform 
section,  divided  by  a  central  partition,  one  division  cor- 
responding to  the  cold,  and  the  other  to  the  hot  blast 
main.  The  vertical  pipes,  instead  of  being  arched  at 
the  top,  are  united  by  a  short  horizontal  one,  the  limbs 
being  close  together.  This  variety  is  much  used  in 
Staffordshire  and  Lancashire. 

A  modification  somewhat  similar  to  the  last,  known 
as  the  pistol  pipe,  is  used  in  Scotland,  Cleveland,  and 
other  districts  in  this  country,  and  is  also  rather  in 
favour  in  France  and  Germanv.  The  two  vertical 
pipes  or  limbs  are  replaced  by  a  single  one,  divided  by 
an  internal  partition  reaching  nearly  to  the  top.  It  is 
closed  at  the  upper  end,  and  is  either  straight,  slightly 
bulbed,  or  bent  over  into  a  half  arch.  One  of  the 
divisions  is  connected  with  the  intake,  and  the  other 
with  the  exit,  so  that  the  cold  air  rises  on  one  side,  and 
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poaBM  tlirough  the  bulbed  duunber  at  the  top,  down 
the  other,  heated  to 
the  furnace  When  the 
curved  head  is  used,  it  is 
usual  to  place  two  series 
of  pipes  m  opposite  di- 
rections wiih  the  heada, 
meeting  so  aa  to  form  an 
arch  for  mutual  support ; 
but,  of  course,  the  ques- 
tion of  unequal  expaosion 
does  not  arise,  as  each 
half  of  tho  arch  is  inde- 
pendent of  the  other. 
The  term  pistol  pipe  is 
derived  from  the  resem- 
blance of  the  curved 
head  to  a  pistol  stock, 
the  straight  portion  corresponding  to  the  barrel.  This 
construction  is  represented  in  Fig.  11,  the  left-hand 
pipe  being  shown  in  section,  tmi  the  right-hand  one  in 
elevation. 

All  the  preceding  forms  of  stoves  are  characterised 
by  the  use  of  air  ways  presenting  continual  changes  of 
form ;  thus  the  blast  passes  ft-om  the  main  through  the 
heating  pipes  alternately  backwards  and  forwards.  In 
what  are  known  as  spiral-pipe  ovens,  the  heating  h 
effected  in  tubes  of  uniform  section,  arranged  similarly 
to  the  worm  of  a  still.  Among  these  may  be  mentioned 
the  apparatus  in  use  at  £bbw  Vale,  a  horizontal 
coil  of  cast-iron  pipes  exposed  to  a  fire  running  the 
whole  length  of  the  axis.  The  pipes  are  formed  in 
segments  corresponding  to  one-half  of  a  complete  turn 
of  the  screw,  and  are  united  by  ordinary  socket  joints. 


OlwllftUHll. 
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The  union  of  the  pipes  and  mains  in  stoves  is  always 
effected  in  ihe  same  manner,  the  latter  being  cast  with 
sockets  for  receiving  the  ends  or  feet  of  the  pipes, 
which  are  often  made  slightly  conical,  spigot  fashion. 
The  joint  is  made  air-tight  by  rust  cement. 

Stoves  with  straight  or  serpentine  horizontal  pipes 
are  much  in  vogue  in  Germany,  and  are  known 
after  the  name  of  the  works  at  Wasseralfingen,  in 
Wurtemberg,  where  they  were  first  introduced.  In 
the  original  construction  a  number  of  straight  pipes 
of  circular  bore,  placed  horizontally,  extend  from 
side  to  side  of  the  walls  of  the  fire  chamber  in  a 
manner  exactly  similar  to  the  tubes  of  a  locomotive, 
and  are  united  into  a  continuous  serpentine  coil  by 
external  arched  bends  not  exposed  to  the  fire.  In 
this  way  the  difficulty  arising  from  the  tendency  of 
the  pipes  to  break  at  the  bends,  owing  to  irregular 
expansion  when  heated,  is  avoided.  The  newer  forms 
differ  chiefly  from  the  foregoing  in  the  section  of 
the  pipes,  which  are  now  usually  elliptical  instead  of 
circular.  The  position  of  the  longer  axis  may  be 
either  horizontal  or  vertical ;  the  latter,  being  the  most 
advantageous  arrangement,  is  usually  adopted. 

Fig.  12  is  a  section  of  a  stove  of  this  pattern  at  Neu- 
stadt,  in  Hanover.  The  coil  consists  of  four  pipes  united 
by  semicircular  bends,  four  similar  series  being  united  by 
other  bends  placed  horizontally,  so  that  the  whole  appa- 
ratus contains  sixteen  pipes.  The  cold  air  enters  at  c, 
and  passing  downwards,  issues  in  a  heated  state  at  d.  The 
fuel  employed  is  the  waste  gas  from  the  blast  ftimace, 
which  is  supplied  through  the  wrought-iron  main,  a, 
and  jet-pipe,  b.  The  latter  is  provided  with  a  central 
tube  for  the  admission  of  the  air  necessary  for  burning 
the  gas. 
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Thomas  and  Laurent's  stove,  uaed  in  aerei-al  of  th« 
aewer  French  furnaces,  consists  of  three  vertical  tubeii 
of  large  diameter,  united  by  external  horse-slioe  pieces 
placed  externally,  as  in  the  Wasseralfingen  apparatus. 


Tig.  IS.— Hot  blast  Btoie.    WuHi-aUiigeD  pUlem, 


In  order  to  obtain  a  larger  heating  surface,  the  inner 
side  of  the  tube  is  studded  with  projecting  radiating 
ribs  about  3  inches  high,  the  remaining  interior  space 
being  filled  with  a  cylindrical  core  of  cast  iron  or 
fire-brick.  These  ribs  are  not  continuous  in  the  same 
place  throughout  the  entire  height  of  the  tube,  but  are 
interrupted  at  different  levels,  the  series  above  and 
below  being  arranged  so  as  to  break  joint  with  the 
central  one.  By  this  means  the  air  is  forced  to  travEJ 
in  s  somewhat  deviating  course  through  the  passages 
enclosed  between  the  core  and  the  ribs.  A  very  con- 
siderable heating  effect  is  claimed  for  this  arrange- 
ment, which  is  similar  to  that  of  the  stoves  known  as 
"  gill  calorifiers,"  used  for  warming  large  rooms ;  but 
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it  is  attended,  owing  to  the  irregular  section  of  the  air 
W9LJS,  with  a  notable  loss  of  pressure  from  friction. 

In  considering  hot  blast  stoyes,  we  haye  hitherto 
assumed  that  the  heating  of  the  air  is  to  be  effected  by 
means  of  fiiel  burnt  on  a  grate  below  the  pipes.  This 
is  still  done  to  a  considerable  extent,  but  the  substitu- 
tion of  the  waste  gases  of  the  furnace  is  now  almost 
equally  common,  especially  in  furnaces  using  fuel 
brought  from  a  distance.  For  this  purpose  it  is  neces^ 
sary  to  bring  a  branch  pipe  to  the  stoye  from  the  main 
gas  conduit,  which  terminates  either  in  a  series  of  jets, 
or  more  commonly  in  a  rectangular  mouth-piece,  a 
special  aperture  of  a  similar  character,  for  the  admission 
of  air,  being  placed  immediately  aboye  or  below. 

It  is  generally  adyisable  to  haye  a  grate  with  a 
small  fire,  which  insures  ignition  of  the  gases ;  with- 
out this,  in  case  of  the  flame  becoming  extinguished, 
air  would  be  liable  to  get  back  into  the  gas  main, 
where  it  would  most  probably  produce  an  explosion. 

Cowper*s  stoye,  for  heating  air  to  yery  high  tempera- 
tures, is  constructed  on  the  so-called  "  regeneratiye " 
principle  of  Siemens.  It  consists,  as  shown  in  section. 
Fig.  13,  of  a  cylindrical  chamber,  with  a  low-domed 
roof  of  fire-brick  work,  cased  with  wrought  iron ;  the 
discharging  passage  for  the  hot  blast,  made  of  similar 
materials,  projects  on  one  side,  opposite  to  which  is  the 
stack  for  producing  the  necessary  draught. 

In  the  interior  of  the  chamber  a  yertical  shaft,  a, 
whose  diameter  is  about  one-third  of  the  whole  space 
between  the  walls,  extends  from  the  floor  nearly  to  the 
roof,  and  communicates  at  the  bottom  with  the  passages, 
B,  by  which  the  inflammable  gases  and  air  are  ad- 
mitted, and  by  a  horizontal  flue,  c,  with  the  hot  blast 
exit  passage.     The  annular  space  between  the  central 
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shaft  and  the  valla  of  ihe  chamber  contains  two  parallel 
ring  flues ;  these  serve  alternately  for  the  admission  of 
cold  blast,  and  the  escape  of  spent  flame  to  the  chimney. 
Above  these  fines,  vhich  occupy  about  a  quarter  of 
the  total  height  of  the  chamber,  the  whole  of  the  re- 


ng.  IS.'^OawiwiH  hot  Hut . 


ing  space,  up  to  the  springing  of  the  dome,  is 
filled  with  fire-bricks  loosely  stacked,  bo  that  a  large 
number  of  small  rectangular  openings  are  left  between 
them,  forming  the  channels  for  the  blast  and  gases  to 
circulate.  During  the  time  of  heating,  the  hot  and 
cold  blast  Talves,  e  and  f,  are  shut,  and  the  gas  and 
air  T^ves,  o  and  h,  below  the  central  shaft,  opened. 
The  ignited  gas  then  rises  up  the  shaft,  and  passes 
downwards  through  the  bricks  and  lower  ring  dues  into 
the  chimney,  the  draught  being  regulated  by  a  special 
damper. 

The  heat  evolved  by  the  burning  gases  is  transferred 
to  the  bricks,  the  temperature  of  the  layers   being  in- 


of  the 


jajs:.-*ir    ,r*     7— u:^:-.     i   ^  ixr.T.rrm  sctob^  red  heat ; 

doeed,  and 


«r9e  ffreetioii  to  the 
aTi*fcs,  abstract- 


*i.  Tbe  r^Lrrent  of  cold 
■y^  •  -=*..  -iiiL  JIT  T^.:s^  -"rriiie  excep&m.  of 
>    :ir     .  •-•rj^    -  -r>>  IT*  3.  Iti^-r  red-hot ;  the 


^•-u  .i:^  -£^  >tirjr-a.     I:  is  of  course 

-^^2  -^r'^^  :ir  ir-aer  X"  keep  up  the 

•^t  .►:..:r^  ih:'sa?£  -^ifLe  the  other  is 

^♦^    V  -    *.  -^^     ^'^  :::r_<  j-i  !<auLL  of  stoTe  the 


j,*ii5<#jiAfr  -Tiii     >  "•nr^   '>z^*t*,''ir^  ^^."C  ■■    '^' 


•ir^  .L  :!•:  Mf^^i'-.  SL  .:'.  Ttfy^  Tiem^'ncK  xuftch  above 
"  .-c  .£  >>:^..-^  -wtii^r,  1  '.•"!«>  Jc-~.  wifjf  the  Uast  is 
ytix^An  ^i.'^.L'^  >:«i.-w*-c  i£:!i.  -ip^fcCs:  -ZC  th^iTtt g  antimony 

-♦i^il    -SM*,   :»jfTT^/e»ll-:,C  ^-    i  '35g*ZMLaZJje  of  700®  to 

S;*/".     Iji.  :rLi.>  '>t'.%>r  A^  --be  pwr'S'  3P9«s^  into  contact 

w::u  ^.hx  rrJu^rcRi^^a  A  lite  io«  luagt  T:alxe»  vhieh  is  ol 
':itaft  lr*jii^  ^iza  k;uule  muiIs  ^d»I  cowled  with  water  like 
aa  '/c»iiflsjjnr  z*a  >ia^  rw^^jr, 

Ft)^.  I4»  takien  n**ini  XottlinsQii^  ^ows  die  coarse  of 
tlw  '4it  and  §>*&  in  a  pair  of  timee  ato^ee  when  at  work. 
The  ii(^t--hand  one  i»  b^n^  h«ated»  while  the  other  i^ 
gtTing  op  it»  aci^oired  heait  to  the  Uast.  Hg.  15  shows 
the  manner  in  which  the  bricks  are  stained  in  the 
regenerstocB^ 

A  rimple  form  of  the  stove  last  mentioiied  has  been 
recently  introduced  by  Whitwell.    In  it  the  cellular 
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pQee  of  bricks  are  replaced  by  plain  walls ;  the  formetr 
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Fig.  14. — Cowper'B  botlalast  stove  plan. 

C  Chimney.  H.B.V.  Hot Maet valve. 

C,V.  Chimney  TaJye.  A  V,  Air  valve. 

Q.  F.  Gaa  valve.  CtB.  V,  Cold  blast  valve. 
5.  Shut.  0.  Open. 

method  of  construcfion  being  objectionable  when  blast- 
furnace gas  is  used  for  heating,  as  the  spaces  between 
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Fig.  lb. — Cowpei^  hot  blast  stove.    Details  of  arrangement  of  bricks 

the  bricks  are  liable  to  become  choked  by  the  deposit 
of  flue  dust.  The  oven  or  heating  chamber  is  enclosed 
by  four  upright  walls,  and  divided  by  internal,  upright, 
parallel  partitions  into  several  narrow  compartments. 
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Fig.  15*  represents  'Wliitweirs  stove,  as  applied  to  a 
bla«t  furnace  at  Consett.     It  is  one  of  four,  each  meB- 


Buring  22  feet  m  diameter,  by  26  feet  bigh,  and  con- 
taining 9,000  square  feet  of  heating  surface,  or  36,000 
feet  in  all. 

The  stove  is  circular  in  form.     The  gas  enters  at   h, 
sufficient  space  being  allowed  at  the  hot  eud,  l,  for  lh© 
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ignition  of  gas  by  air  admitted  tHrough  the  cellular 
passages  1.  The  flame  is  conducted  through  the  stove 
by  conduits,  o  k,  9  inches  broad,  the  average  width  of 
the  passages  in  a  transyerse  line  across  the  stove  being 
about  15  feet,  thus  giving  a  total  length  of  flue  of 
240  feet,  with  a  section  of  11^  square  feet,  care  being 
taken  so  to  place  the  arches,  o,  above  and  below  the 
alternate  walls,  that  the  gas  may  be  equally  distributed. 
Other  fdr  passages  are  placed  at  2,  3,  and  4,  in  order  to 
ensure  perfect  combustion  of  the  gas. 

Of  the  240  feet  of  travel,  or  9,000  square  feet  of 
surface,  about  two-thirds,  180  feet  and  6,000  square 
feet  respectively,  are  raised  to  a  bright  red  heat,  as 
seen  through  the  eye-pieces,  1 1,  perforating  the  casing 
and  shell,  by  which  the  state  of  the  interior  can  be 
readily  observed.  ,  In  the  remaining  space  of  one-third 
the  temperature  shades  down  gradually,  until  the  pro- 
ducts of  combustion  pass  off  to  the  chimney,  c,  where 
their  temperature  is  reduced  to  about  300^.  When 
the  stove  has  been  heated  to  this  point,  the  gas-inlet- 
valve,  B,  and  chimney-valve,  c,  are  closed,  as  well  as 
all  the  air- valves,  1 ,  2,  3,  4,  and  the  hot  and  cold  blast 
valves,  D  and  a,  are  opened.  The  cold  blast  now  enters 
at  D^  and  passing  over  the  walls  in  reverse  order  to  the 
gas,  commencing  at  the  coldest  end,  is  gradually  heated 
until  it  attains  the  temperature  of  the  hottest  surface, 
when  it  passes  through  tubes  lined  with  9-inch  brick- 
work, and  enters  the  blast-furnace  at  a  visible  red  heat, 
about  660°.  Of  the  four  stoves,  Nos.  1  and  3  and  2 
and  4  are  worked  in  pairs,  the  blast  being  on  the 
former  while  the  latter  are  heating.  The  hot-blast 
main  is  3  feet  in  external  diameter,  giving  a  clear  air- 
way of  18  inches  within  the  9-inch  fire-brick  lining. 
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The  blast  is  allowed  to  pass  for  two  hours^  by  which 
time  only  one-third  of  the  whole  surface  remains  at  a 
red  heat,  below  which  it  is  not  allowed  to  cool,  in  order 
to  ensure  regularity  in  the  working  of  the  furnace. 

At  the  hot  end,  l,  the  first  walls  are  constructed  half 
of  ganister,  and  half  of  fire-brick.  The  transverse  walls, 
which  are  7  inches  thick,  are  built  in  lumps,  12  inches 
by  7  inches  by  3  inches.  All  the  brickwork  is  careftdly 
laid,  the  joints  being  perfectly  flushed  up  with  fire-clay. 
The  weight  of  brickwork  in  each  stove  is  298  tons. 
The  hot  blast  and  gas- valves  are  of  cast  iron,  with  a 
hollow  space  between  the  sides,  through  which,  as  well 
as  through  the  seatings,  a  current  of  water  circulates, 
care  being  taken  to  prevent  the  blast  from  impinging 
directly  upon  the  cooled  surfaces.  When  it  is  desired 
to  clean  the  stove,  the  gas  having  been  shut  off  and  the 
chimney-valve  slightly  opened,  in  order  to  carry  the 
heat  downwards,  the  first  top  cleaning-door,  f,  at  the 
hot  end  is  taken  off,  and  the  niovable  plug  in  the  crown 
of  the  arch,  n,  lifted.  Scrapers  with  |-inch  tubular 
handles,  screwed  together  to  attain  the  right  length, 
are  introduced,  and  the  walls  on  either  side  are  scraped 
down,  the  dust  falling  to  the  bottom.  The  compart- 
ment being  thus  cleaned,  the  door  is  replaced  and  luted 
with  fire-clay,  and  the  same  process  is  repeated  with 
the  doors  in  rotation  while  the  walls  are  red  hot.  The 
side  doors,  e,  at  the  bottom  are  then  opened,  and  the 
dust  detached  from  the  walls  is  raked  out.  The  opera- 
tion, which  takes  about  nine  hours,  is  repeated  every 
two  or  three  months,  according  to  the  amount  of  dust 
brought  over  by  the  waste  gases. 

In  the  construction  of  the  stove,  a  space  of  1  inch  is 
left  between   the   brickwork    and    the    wrought-iron 


OF  THE  BLAST  FURNACE  AND  ITS  ACCESSORIES.       189 

casing,  whicli  is  filled  with  dry  clay  or  granulated  slag, 
80  as  to  allow  for  any  expansion  of  the  brickwork.  A 
similar  allowance  is  made  at  the  top. 

By  the  use  of  these  stoves  a  very  considerable  saving 
Las  been  effected  in  the  consumption  of  coke  per  ton  of 
pig  iron  made,  on  account  of  the  very  high  temperature 
of  blast  obtained.  The  furnace  to  which  they  have 
been  applied  makes  400  tons  weekly,  with  a  consump- 
tion of  17^  cwt.  of  coke  per  ton.  The  charge  contains 
two-thirds  calcined  Cleveland  stone  and  one-third  red 
hematite,  yielding  about  48  per  cent,  of  iron.  The 
blast  is  heated  to  730^,  and  temperature  of  the  gases 
at  the  top  is  250^.  An  adjoining  furnace  of  the  same 
size,  and  working  on  the  same  ores,  with  a  blast  heated 
to  450^,  consumes  22J  cwt.  of  coke  to  the  ton,  and 
gives  off  the  waste  gases  at  470^. 

The  amount  of  heating  surface  in  hot  blast  stoves 
with  cast-iron  pipes  is  usually  about  one  square  foot  per 
cubic  foot  of  blast  passing  through  per  minute  when 
fired  with  coal.  With  gaseous  fuel  it  is  advisable  to 
make  them  from  10  to  20  per  cent,  larger. 

Pressure  Gauges.  For  low-pressure  blast,  such  as  is 
used  in  small  charcoal  furnaces,  or  for  determining  the 
tension  of  the  waste  gases,  a  water  gauge  is  generally 
used,  but  for  the  more  highly  compressed  air  used  in 
furnaces  on  mineral  fuel,  mercury  gauges  are  necessary. 
When  the  blast  is  at  a  very  high  temperature,  it  is 
necessary  to  make  the  observations  as  quickly  as 
possible,  or  to  cool  the  air  down  by  passing  it  through 
a  tube  placed  in  a  current  of  water,  before  allowing  it 
to  come  in  contact  with  the  mercury.  By  multiplying 
the  indications  of  the  mercurial  gauge  in  inches  by 
13*59,  the  corresponding;  height  measured  in  water  is 
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obtained,  and  conversely,  inclies  of  water  gauge  may 
be  reduced  to  mercurial  inclies  by  dividing  by  the  same 
constants.  When,  as  is  usually  the  case,  the  height  of 
the  water  gauge  is  expressed  in  feet  and  inches,  it  may 
be  reduced  to  the  corresponding  pressure  in  inched 
and  lines  of  mercury  by  multiplying  by  0*882.  The 
amount  of  blast  passing  through  a  twyer  is  found  by 
multiplying  the  velocity  of  the  current  passing  per 
minute  or  second,  as  deduced  from  the  pressure,  by  its 
sectional  area.  The  result  must,  of  course,  be  corrected 
for  temperature,  atmospheric  pressure,  and  moisture, 
and  for  the  contraction  of  the  jet  at  the  point  of 
efBi^x.  The  latter  correction  varies  in  amount  with 
the  form  of  the  nozzle,  and  is  somewhat  greater  for 
cylindrical  than  conical  pipes,  and  also  increases  with 
the  pressure  employed.  As  a  general  rule,  the  diminution 
of  volume  from  this  cause  may  be  taken  at  about  8 
per  cent.,  and  the  real  amount  found  by  multiplying 
the  theoretical  quantity  by  0*92. 

The  determination  of  the  amount  of  blast  carried 
into  the  furnace,  from  the  observations  given  above, 
may  be  approximately  found  by  the  following  formula, 
given  by  Weisbach,  as  a  simplification  of  the  more 
exact  one  deduced  by  him  from  Poisson's  law,  checked 
by  actual  experiment : — 

/T  1-018  ,,. 

o  =  ii79r^-3-.     >YT»HT      ^'^ 

where  Q  =  the  number  of  cubic  feet  discharged  per 
second,  reduced  to  the  temperature  of  lO'*  Centigrade, 
and  30  inches  barometrical  pressure,  F  =  area  of 
twyer,  h  =  observed  height  of  pressure  gauge  in 
inches  of  mer^*^         '         observed  height  of  barometer. 
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The  second  part  gives  the  correction  for  the  heat  of  the 
blast,  when  r  =  its  temperature  in  Centigrade  degrees. 
In  the  first  part  of  the  above  formula,  F  is  taken  in 
square  feet,  by  dividing  by  144,  or,  putting  F  =  1  square 
inch,  we  obtain  the  following  simple  expression : — 


0=  8-2 


(2) 


which  gives  the  volume  of  blast  per  second  per  square 
inch  of  the  sectional  area  of  the  twyer.  The  following 
table  gives  the  value  of  Q  for  different  values  of  thi) 

fraction  —  in  formula  (2)  : — 


h 

h 

h 

Q 

I 

0 

001 

0-82 

0-30 

4-49 

•02 

1-16 

•35 

4-85 

•05 

V83 

•40 

5^19 

•10 

2-59 

•45 

5-50 

•15 

3^18 

•50 

5-80 

•20 

3-67 

•55 

6-08 

•25 

4-10 

•60 

6-35 

These  quantities  require  to  be  corrected  for  temperature 
when  hot  blast  is  used  by  the  second  part  of  formula  (1). 

The  quantity  of  air  passing  into  a  furnace  may  also 
be  decided  from  the  composition  of  the  waste  gases 
when  the  furnace  works  with  a  closed  top,  and  the 
whole  of  the  volatile  product's  are  collected. 

Determination  of  the  Temperature  of  the  Bla^t.  Mer- 
curial thermometers  cannot  be  used  in  determining 
temperatures  much  above  200®  or  250®  with  accuracy, 
owing  to  the  irregular  expansion  of  the  mercury  when 
near  its  boiling-point.     For  measuring  the  high  tern- 
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peratures  prevailing  in  blast-Aimace  operations,  me- 
tallic pyrometers  of  various  kinds  are  employed, 
depending  either  on  the  expansion  of  a  single  metal, 
or  a  combination  of  two,  such  as  iron  and  copper  or 
platinimi.  These,  although  convenient,  are  liable  to 
give  inaccurate  results  after  a  time,  from  the  metals 
becoming  permanently  expanded  when  repeatedly 
heated. 

In  practice  the  temperature  of  the  blast  is  generally 
determined  by  its  power  of  Aising  metals.  This  is  done 
by  exposing  a  thin  rod  of  the  metal  to  the  current  in 
the  twyer,  a  hole  being  made  for  the  purpose  in  the 
elbow  of  the  branch  pipe  connecting  the  twyer  with 
the  blast  main. 

The  following  are  the  reputed  melting-points  of  the 
metals  available  for  determining  the  temperatures  of 
hot  blast  :-— 

Degrees. 

'Tin 245 

Bismuth 250 

Lead     .       ' 330 

Zinc 410 

Antimony 512 

In  experiments  on  the  temperature  of  the  interior  of 
the  furnace,  such  as  those  made  by  Tunner  in  Styria, 
and  Hinman  and  others  in  Sweden,  alloys  of  gold  and 
silver,  and  silver  and  platinum,  are  used,  the  increase 
of  the  melting-point  being  assumed  as  directly  propor- 
tional to  the  increase  in  the  amount  of  the  more 
refractory  metal.  This  method  was  also  used  by 
Plattner  in  determining  the  temperature  of  fusion  of 
slags. 

The  following    table    contains   the   melting-points 
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of  Tnrious   alloys  used  for   the   above  purposes  by 

Taimer: — 

*  Degrees. 

9  Lead  +  1  Silver  melts  at  400 


8 

91 

2 

99 

t9 

470 

7 

fi 

3 

99 

99 

540 

6 

91 

4 

99 

99 

610 

5 

9} 

6 

99 

99 

680 

4 

9i 

6 

99 

99 

750 

S 

97 

7 

99 

99 

815 

2 

99 

8 

91 

99 

885 

1 

99 

9 

99 

99 

955 

0-6 

99 

9-4 

99 

»» 

980 

Degrees. 

9-6  Silver  +  0-5  Gold 

melts  at  1,030 

t        „ 

3 

99 

19 

1,050 

4-6     „ 

5*5 

II 

99 

1,070 

2         „ 

8 

99 

99 

1,090 

FineGbld 

L 

99 

1,100 

9     saver  +  1     Platinom 

n 

1,175 

8-6     „ 

1-5 

99 

91 

1,250 

8        » 

2 

99 

91 

1,325 

7-6     „ 

2-5 

19 

99 

1,400 

7        „ 

3 

99 

99 

1,475 

68     „ 

3-5 

99 

99 

1,550 

«        „ 

5 

99 

99 

1,625 

PonuUei's  pyrometric  method,  which  consists  in  ob« 
serving  the  increase  of  temperature  produced  in  a 
weighed  quantity  of  water  by  plunging  into  it  a  mass 
of  metal,  whose  weight  and  specific  heat  are  known, 
heated  to  the  t^nperature  to  be  measured,  has  also 
been  applied  to  the  construction  of  pyrometers  for 
blast  fomaces*;  a  ball  of  copper  is  used  for  medium, 
and  platinum  for  higher  temperatures.  From  the 
increase  in  the  sensible  heat  of  the  water,  the  loss 
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temperature  is  obtained  by  adding^  the  reading  on  the 
pyrometer  scale  opposite  the  new  level  of  the  mercury 
to  the  original  temperature  of  the  water  before  the 
ball  was  introduced.  With  a  little  practice  very  satis- 
factory results  may  be  obtained  with  this  instrument ; 
but  its  application  is  limited  to  the  heat  at  which  the 
metal  ball  is  deteriorated;  nor  can  it  be  used  for 
measuring  the  temperature  of  inaccessible  places." 

Another  pyrometer,  recently  invented  by  Mr.  Sie- 
mens, is  based  upon  the  property  possessed  by  pure 
metals  of  offering  an  increased  resistance  to  the  passage 
of  an  electric  current  in  proportion  as  their  tempera- 
ture increases.  A  platinum  wire  of  known  resistance 
is  wound  upon  a  helical  groove  on  the  surface  of  a 
cylinder  of  fire-clay,  and  enclosed  within  a  cylindrical 
casing  of  platinum  if  the  temperature  to  be  measured 
exceeds  the  welding  point  of  iron,  or  copper 
for  lower  temperatures.  The  two  ends  of  the  coil 
are  brought  endways,  and  are  attached  within  the 
tube  to  thicker  wires  of  copper,  insulated  for  a  short 
distance  by  a  coating  of  pipeclay,  and  further  on,  when 
beyond  the  influence  of  the  heated  space,  by  india  rubber 
or  gutta  percha.  These  wires  communicate  with  the 
measuring  instrument,  which  may  be  placed  at  an3^ 
convenient  distance.  The  latter  is  a  specially  con- 
structed galvanometrical  arrangement,  and  is  so  gra- 
duated that  a  reading  in  degrees  on  a  divided  scale 
may  be  at  once  obtained.  These  do  not  give  an  abso- 
lute measure  of  temperature,  but  the  final  result  is 
taken  out  from  a  table  calculated  for  each  instrument. 
The  pyrometer  coil  may  be  either  fixed  permanently,  if 
it  18  desired  to  have  a  means  of  continuously  determin- 
ing ike  temperature  of  a  particular  place,  or  it  may  be 

k2 
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introduced  into  the  furnace  through  a  door  or  other 
opening  for  a  minute  or  two,  which  is  sufficient  time 
to  obtain  a  reading.  The  latter  is  the  only  method 
available  for  very  high  temperatures ;  for  by  continuous 
exposure  the  protecting  case,  even  when  of  platinum, 
would  be  ultimately  destroyed.  The  electrical  resist- 
ance of  platinum  wire  is  increased  fourfold  by  a  rise  of 
temperature  from  0  to  1650^. 

Position  of  Hot  Blast  Stoves,  It  is  in  all  cases  de- 
sirable to  place  the  stoves  as  near  to  the  furnace  as  is 
consiBtent  with  the  other  requirements  of  the  works,  in 
order  that  the  blast  may  lose  as  little  of  its  acquired 
heat  as  possible,  by  not  haying  to  travel  a  long  dis- 
tance through  pipes  exposed  to  the  air.  In  some  in*« 
stances^  especially  in  small  charcoal  ftimaces,  where 
the  stoves  are  heated  by  waste  gases,  they  are  placed 
on  a  level  with  the  furnace  top,  the  gases  being  led  in 
by  a  short  flue  in  order  to  economise  their  sensible 
heat,  as  well  as  the  much  greater  quantity  derived  from 
their  subsequent  combustion.  The  hot  blast  main  is  then 
carried  down  vertically  to  the  twyers.  This  practice  is 
tolerably  common  in  Swedish  and  German  charcoal  fiir- 
naces,  and  appears  to  be  very  general  in  the  United 
States,  where  the  blast-engine  boilers  are  often  carried 
on  the  top  of  high-vaulted  structures  in  the  same 
manner.  Much  greater  regularity  of  draught,  and 
especially  freedom  from  choking  by  dust,  can  be  ob- 
tained when  the  stoves  are  placed  at  the  ground 
level,  and  the  gases  are  brought  down  by  a  suitable 
conduit. 

Arrangement  of  the  Twyers,  The  blast  coming  from 
the  stoves  passes  through  a  ring  main,  which,  in  the 
old  square-cased  fiimaces,  is  carried  through  the  cir- 
cular passage  traversing  the  stack  pillars ;  but  in  the 
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newer  forms  is  generally  attached  to  the  columns, 
sarronnding  the  hearth  at  a  certain  distance  aboye  the 
ground.  A  yertical  branch  pipe,  or  goose  neek,  is  led 
off  opposite  to  each  twyer  hole,  and  at  the  proper  level 
is  turned  oyer  at  right  angles  into  a  horizontal  arm, 
to  which  the  blast  nozzle,  or  blowpipe,  is  attached. 

A  throttle,  or  slide  yalye,  for  stopping  or  regulating 
the  blast,  is  attached  to  each  branch,  as  well  as  to  the 
main  near  the  stove. 

In  cold  blast  fomaces  the  air  is  led  through  a  conical 
copper  nozzle,  attached  to  a  branch  pipe  by  a  flexible 
leather  tube  ;  but  with  hot  blast  it  is  requisite  to  make 
all  the  fittings  of  metal,  and  the  necessary  means  of 
adjustment  are  provided  by  interposing  a  sUding  or  tele- 
scopic  tube  and  a  ball-and-socket  joint  between  the  end 
of  the  branch  pipe  and  the  twyer.  By  the  former  the 
twyer  is  set  to  the  proper  length,  while  the  latter  allows 
the  direction  of  the  entering  blast  to  be  varied,  so  that 
it  be  made  level,  plunging  or  rising  at  pleasure. 

When  hot  blast  is  used,  it  is  necessary  to  protect  the 
walls  of  the  hearth  from  the  intense  heat  generated  by 
the  energetic  combustion  going  on  immediately  in 
front  of  the  twyers.  This  is  done  by  the  use  of  water 
twyers,  which  are  hollow,  conical,  or  tapering  D-shaped 
tubes,  with  double  walls,  which  are  kept  cool  by  a 
current  of  water  circulating  through  the  interspace. 

Fig.  16  represents  a  hot  blast  twyer  as  applied  to  a 
charcoal  furnace  at  Hhonitz,  in  Hungary,  a  is  the 
water  twyer,  formed  of  cast  and  wrought  iron,  with 
double  walls,  which  are  cooled  by  a  current  of  water 
circulating  through  the  intermediate  space,  b  is  the 
blowpipe,  which  is  of  sheet  iron,  and  bears  against  a 
divergent  conical  orifice  placed  within  the  water  twyer. 
The  latter  arrangement  is  not  usual,  the  end  of  the 
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blowpipe  being  generally  inserted  loose  in  the  twyer, 
and  the  intermediate  space  stopped  with  clay.  The 
axis  of  the  jet  may  be  made  horizontal^  or  to  incline 
upwards  or  downwards  by  means  of  the  ball-and- 
socket  adjustment  at  o.     The  end  of  the  twyer  is  ad- 


Fig.  18.— Hot  blaat  WKter  twyer.    Bhonit^  Hungary. 

vanced  or  withdrawn  by  the  telescopic  joint  and  setting 
screw  at  d.  The  flanged  elbow-pipe  fits  on  to  the 
vertical  branch  pipe  of  the  hot  blast  main.  At  e  the 
elbow  is  perforated  by  a  small  hole^  having  a  movable 
shutter,  containing  a  plate  of  glass  or  mica,  which 
gives  a  view  of  the  interior  of  the  hearth,  or  rather  of 
the  bright  spot,  or  eye,  immediately  in  front  of  the 
twyer.  Through  this  aperture  the  fusible  metals  used 
in  trying  the  temperature  of  the  blast  are  introduced. 

Water  twyers  are  made  either  entirely  of  cast  or 
wrought  i^on  alone,  of  a  combination  of  both,  or  of 
copper  or  bronze.  The  water  space  is  usually  rectan- 
gular in  section,  but  sometimes  a  spiral  tube  of  wrought 
iron  is  used,  either  alone  or  set  in  a  casing  of  cast  iron. 
An  advantage  is  claimed  for  bronze  twyers  of  not 
being  readily  destroyed  by  "  ironing,*'  that  is,  of  being 
melted  by  the  imperfectly-fused  masses  of  metallic  iron 
which  sometimes  adhere  to  the  end  of  the  twyer  when 
the  Aimace  is  not  in  good  working  order,  and  the 
reduced  iron  is  imperfectly  carburised.  The  removal 
of  the  adherent  masses  may  be  effected  by  raising  the 
dam,  and  allowing  the  cinder  to  rise  above  the  level  of 
the  twyers.  Leaky  water  twyers  are  productive  of 
great  waste  of  fuel,  owing  to  the  large  amount  of  heat 
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absorbed  in  the  decomposition  of  the  steam  produced  in 
the  hearth.  The  temperature  in  the  region  of  fusion 
is  consequently  lowered,  with  the  production  of  white 
iron  of  a  low  degree  of  carburisation.  When  the  leak 
is  considerable  the  consequences  may  become  more 
serious,  as  the  water,  if  it  gets  into  the  lower  part  of  the 
hearth,  is  likely  to  produce  an  explosion. 

The  number  and  arrangement  of  twyers  vary  very 
considerably.  The  smaller  charcoal  furnaces  have 
often  only  two,  placed  on  opposite  sides  of  the  hearth. 
Three  is  a  more  usual  number,  one  being  placed 
at  the  back;  t.«.,  opposite  to  the  tymp,  and  the 
others  at  the  sides  of  the  hearth.  When  a  larger 
number  is  used,  they  are  generally  placed  at  equal 
intervals  all  round  the  hearth.  This  method  is  usually 
adopted  in  cupola  furnaces;  but  in  South  Wales, 
where  there  are  many  large  fiimaces  with  only  three 
twyer  arches,  they  are  sometimes  arranged  in  series ; 
thus,  two  will  be  put  through  each  of  the  side  open- 
ings, and  the  same  number  at  the  back,  or  three  at  the 
sides,  and  one  or  two  at  the  back,  &c.  This  is  done  to 
avoid  the  use  of  twyers  of  an  excessiye  diameter,  and, 
by  multiplying  the  points  of  contact  with  the  fuel,  to 
make  the  combustion  more  uniform  over  the  entire 
area  of  the  hearth.  Sometimes  a  special  twyer  is  added 
on  the  tymp  side,  for  the  purpose  of  removing  irregu- 
larities caused  by  local  cooling,  and  is  only  used  in 
case  of  the  hearth  becoming  obstructed. 

Methods  of  Collecting  Waste  Gases.  In  small  char- 
coal ftimaces,  working  with  an  open  throat,  the  gases 
are  often  taken  off  by  wrought-iron  pipes  perforating 
the  wall  of  the  fiimace  about  10  or  12  feet  below  the 
top.  This  plan  is  commonly  used  in  Sweden  for  sup- 
plying gases  to  mine  kilns,  hot  blast  stoves,  &c.,  but 
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can  only  be  practiBed  on  a  small  scold.  -The  supply  is 
apt  to  be  somewhat  irregular,  &om  tlie  stoppage  at  the 
bolee  by  the  descending  charge.  A  more  perfect 
method  for  the  same  purpose,  is  that  of  contracting  the 
throat  by  the  insertion  of  a  cast  or  wrought-iron  cylin- 
der of  somewhat  smaller  diameter  than  the  ring  waU, 
80  that  an  annular  space  at  the  top  is  kept  clear  from 
the  materials  of  the  charge,  and  forms  a  collecting  flue 
for  the  gases.  In  order  to  pre  rent  the  charges  from 
blocking  up  the  lower  part,  it  is  usual  to  increase  the 
diameter  of  the  shaft  by  the  amount  required  to  form 
the  flue,  and  the  tube  restores  the  furnace  to  its  original 
section.  The  application  of  this  arrangement  is  shown 
in  the  charcoal  furnace.  Fig.  4. 

When  it  is  desired  to  collect  the  whole  of  the  gases 
given  off  at  the  top  of  the  furnace,  it  is  necessary  to 
work  with  a  closed  throat. 
The  most  generally  used, 
and,  at  the  same  time,  one 
of  the  simplest  contriv- 
ances for  this  purpose  is 
that  known  as  the  cup  and 
cone.  Fig.  17.  It  consists 
of  an  inverted  conical  cast- 
iron  funnel  fixed  to  the 
top  of  the  furnace,  whose  lower  aperture  is  of  about 
one-half  of  the  diameter  of  the  throat.  An  upright 
cast-iron  cone  is  placed  in  the  furnace  below  the 
cup ;  it  is  suspended  by  a  chain  attached  to  its  apex, 
so  that  it  may  be  raised  or  lowered  at  pleasure ;  in  the 
former  position  it  bears  against  the  bottom  of  the 
cap,  and  forms  an  air-tight  abypper,  preventing  the 
escape  of  any  gas  from  the  top  of  the  furnace,  which 
then  finds  its  way  out  by  proper  passages  through  the 
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wall  of  the  fiimace  in  the  space  above  the  charges 
enclosed  by  the  cup ;  but  when  lowered  it  allows  the 
charges  in  the  cup  to  be  dropped  into  the  furnace,  and 
at  the  same  time  acts  as  a  distributer.  Only  the 
small  amount  of  gas  that  is  lost  during  the  time  of 
charging  is  allowed  to  escape,  and  as  this  operation  is 
very  quickly  performed,  the  current  through  the  mains 
is  kept  up  with  great  regularity*  The  cone  is  suspended 
by  an  arch-headed  lever,  carrying  a  eounterbalance  at 
the  end  of  the  opposite  arm.  The  raising  or  lowering 
is  effected  by  a  pinion,  moved  by  a  hand- wheel  gearing 
into  a  segmental  rack  attached  to  the  counterbalance 
weight.  The  gas  passes  through  a  lateral  flue  into  a 
square  wrought-iron  main  pipe,  or  conduit,  which  dis- 
tributes it  to  the  various  pipes  feeding  the  boiler  fires 
and  hot  blast  stoves.  A  modification  of  the  cup  and  cone 
is  in  use  in  Cleveland,  where  the  cone  is  replaced  by 
an  external  cylindrical  stopper,  which  is  lifted  during 
the  charging  time,  and  lowered  when  the  throat  is 
stopped,  tilie  object  being  to  allow  the  charges  to  occupy 
the  space  which  is  necessarily  kept  empty  for  working 
the  cone  on  the  old  system*  It  was  found,  however, 
that  the  working  of  the  furnace  was  injured  from  the 
want  of  a  proper  distributer  for  the  charges,  on  account 
of  the  absence  of  the  cone :  when  this  was  supplied  by 
suspending  a  conical  ring  by  three  chains  to  the  bottom 
of  the  plug,  regularity  in  charging  was  restored. 

In  the  above  methods,  the  gas  is  collected  chiefly 
from  the  sides  of  the  furnace,  a  practice  which,  as  will 
be  shown  Airther  on,  is  not  in  all  cases  to  be  recom- 
mended. The  alternative  plan  is  to  collect  from  the 
centre ;  this  is  usually  done  by  inserting  an  iron  tube 
a  short  distance  down  the  centre>of  the  ftumace,  the  lower 
end  being  supported  on  ribs  of  brickwork,  while  the 

k3 
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npper  part  is  turned  over  in  the  form  of  a  aiphon,  as, 
for  example,  in  the  furnace,  Fig.  6,  at  p.  142.  The  ftntiiilHr 
opening  between  the  tube  and  the  ring  wall  forms  the 
space  for  cliarging,  an  arrangement  exactly  the  reverse 
of  that  noticed  at  p.  17d.  Only  a  part  of  the  gases  are 
collected  by  this  method.  The  draught  is  in  some  cases 
aided  by  an  exhausting  fan.  Coingt'a  apparatus,  in 
use  in  France,  is  a  combinaticoL  (^  the  central  tube  with 
the  cup  and  cone. 

Langen's  apparatus.  Fig  18,  differs  from  those 
hitherto  considered, 
in  being  placed  above 
the  furnace,  which 
may  therefore  be 
kept  filled  to  the 
throat  in  the  same 
manner  as  one  with- 
out any  means  of 
collecting  gases.  The 
m  L«.B<n .  charger  charging  portion  is  a 
conical  ring,  whose  smallest  diameter  is  equal  to  that  of 
the  throat,  into  which  the  charges  are  filled  in  the  nsoal 
way.  The  gas  tube  is  also  slightly  conical,  diminishing 
upwards ;  the  lower  end,  which  is  about  5  feet  above 
the  top  of  the  column  of  materials  inthe  shaft;,  is  tamed 
over  into  a  gutter  or  water  trough.  The  gases  rising 
&om  the  fumaoe  are  collected  in  a  bell>shaped  tube, 
whose  lower  end  rests  in  the  conical  cup  at  the  top  of 
the  furnace,  while  the  upper  part  is  turned  over  into 
a  lip,  which  dips  into  the  water  trough  on  the  gas  tube, 
forming  a  perfectly  air-tight  stopper.  At  the  time  of 
charging,  the  bell,  which  is  suspended  by  chains 
to  a  lever,  is  lifted,  the  upper  end  sliding  on  the  out- 
side of  the  gas  tube,  which  forms  a  kind  of  telcBccpio 
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joint.  The  charges  in  the  cup  then  fall  into  the  fur- 
nace. In  order  to  keep  the  water  joint  tight,  it  is 
necessary  to  make  good  the  waste  caused  by  evapora- 
tion from  time  to  time,  owing  to  the  high  temperature 
of  the  gases.  To  prevent  the  chance  of  an  explosion, 
a  safety-valve  is  placed  on  the  top  of  the  gas  tube  at 
a,  and  another  on  the  lateral  tube  at  b. 

Even  in  furnaces  where  the  gases  are  not  collected, 
the  use  of  a  conical  charger  is  attended  with  consider- 
able advantage.  Where  the  diameter  of  the  throat  is 
large,  it  is  customary  to  fix  charging  plates  inclining 
inwards,  immediately  within  the  charging  holes,  which 
distribute  the  charges  in  a  similar  manner. 

In  the  charcoal  ftimaces  of  Lake  Superior  and  Styria, 
a  charging  barrow  is  used,  which  is  constructed  exactly 
in  the  same  manner  as  the  cup  and  cone.  The  body  of 
the. barrow  is  an  inverted  eight-sided  pyramidal  cup, 
the  bottom  being  an  upright  cone,  which,  when  dropped 
by  a  lever  attached  to  its  summit,  leaves  an  annular 
space  for  the  materials  to  pass  out  into  the  furnace,  at 
the  same  time  they  are  directed  towards  the  circum- 
ference of  the  throat,  in  sliding  over  the  surface  of  the 
oone.  At  Bhonitz,  in  Himgary,  charging  barrows  are 
^ised  having  sliding  cylindrical  sides  in  addition  to  the 
dropping  conical  bottom,  so  that  the  charging  takes 
place  in  a  ring  towards  the  sides  of  the  furnace  as  well 
as  at  the  centre. 

tbrm  of  the  Interior  of  the  Blast  Furnace.  In  laying 
out  new  works  at  the  present  time  it  is  usual  to  build 
the  furnaces  of  a  more  or  less  skittle  or  tub-shaped 
section,  all  sharply-contrasted  slopes  being  avoided,  the 
diameter  increasing  continuously  from  the  throat  to 
the  boshes,  and  then  being  contracted  in  a  similar 
manner  down  to  the  hearth  bottom,  without  having  a 
cylindrical  hearth.     The  form  of  the  body     '^        '    " 
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furnace  is  weU  represented  by  a  common  soda-water 
bottle,  supposing  the  neck  and  the  pointed  bottom  to 
be  removed.  In  Scotland  the  same  kind  of  section  is 
used,  with  the  addition  of  a  broad  cylindrical  hearth. 
In  develand  slightly-curved  stacks,  with  conical 
boshes  and  cylindrical  hearths,  are  the  rule.  In  South 
Wales  the  latter  conditions  are  often  reversed,  the 
lower  part,  up  to  the  top  of  the  boshes>  being  made 
conical,  while  the  stack,  which  is  for  a  certain  distance 
cylindrical,  is  terminated  by  a  strongly-curved  dome. 
In  all  cases  of  the  above,  however,  the  hearths  are  of 
considerable  breadth. 

In  French,  Belgian,  and  German  furnaces  ctu*ved 
sections  are  less  common  than  in  this  country.  A  more 
especial  characteristic  is,  however,  the  small  diameter 
of  hearth  generally  adopted,  the  sides  being  brought  in 
from  Vie  boshes  in  a  strongly-curved  convex  sweep. 
This  type,  which  is  usually  combined  with  an  extremely 
massive  construction  of  hearth,  is  very  similar  in  form 
to  an  inverted  claret  bottle,  having  the  bottom  and  the 
greater  part  of  the  neck  removed ;  the  body,  which 
increases  from  the  bottom  upwards  with  a  slight  taper, 
representing  the  stack,  the  shoulder  the  sweep  of  the 
boshes,  and  the  narrow  neck  the  hearth.  Swedish 
charcoal  furnaces  are  generally  of  considerable  height 
when  compared  with  their  diameter;  the  hearth  and 
boshes  form  part  of  the  same  cone,  usually  very  acute. 
The  stack  is  either  wholly  or  in  part  cylindrical  In 
Styria  the  charcoal  furnaces  used  for  smelting  spathic 
ores  resemble  those  of  Sweden  by  their  considerable 
height,  as  compared  with  the  breadth  and  the  steep 
slope  of  the  conical  parts,  but  are  specially  distinguished 
by  their  extremely  narrow  throats,  which  in  some  in- 
stances do  not  exceed  2|  feet 

Tb"  1  other  dimensions  of  blast  furnaces 
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vary  very  considerahly  in  different  localities  with  the 
nature  of  the  ores  and  fueL  l^o  special  roles  can  be 
laid  down  as  to  the  form  best  suited  for  a  particnlar 
class  of  ore,  experience  having  shown  that  the  require- 
ments of  each  class  are  to  be  met  by  special  arrange- 
ments. The  most  useful  guide  in  tilie  construction  of 
new  fiimaces  is  furnished  by  the  condition  of  those 
that  have  been  blown  out  after  working  upon  the 
same  kind  of  ore.  It  was  by  comparisons  of  this  kind 
that  the  modem  barrel-shaped  fiimace  was  elaborated 
by  (Hbbons,  in  South  Staffordshire,  from  the  older 
conical  form,  the  section  of  the  newer  furnace  being 
modified  wherever  the  action  of  the  fire  was  found  to 
be  strongest :  thus  square  hearths  were  burnt  out  to  a 
circular  form,  and  the  sharp  angle  at  the  joining 
of  the  hearth  and  boshes  was  also  removed.  It  was 
therefore  apparent  that,  by  altering  these  parts  in  con- 
formity with  the  indications,  a  double  advantage  was 
attained,  a  certain  amoimt  of  materials  being  saved, 
while  the  furnace  was  sooner  brought  to  its  best  viFork- 
ing  condition  than  was  the  case  when  it  had  first  to  be 
cut  into  shape  by  the  heat. 

If  we  consider  the  nature  of  the  work  done  in  the 
blast  fiimace  with  reference  to  the  amount  of  iron  pro- 
duced in  a  given  time,  it  will  be  evident  that  an  increase 
of  such  production  can  only  be  obtained  from  the  same 
ores  by  passing  a  larger  number  of  charges  through  in 
the  same  time ;  this,  however,  depends  upon  the  facili- 
ties possessed  for  withdrawing  them  by  fusion  at  the 
bottom ;  for,  however  great  the  cubic  contents  may  be, 
it  is  dear  that  new  materials  can  only  be  supplied  in 
proportion  to  the  speed  with  which  those  charged  before 
them  are  removed. 

The  power  of  fusion  is,  however,  to  be  measured  by 
the  space  offered  for  combustion  of  fuel  by  the 
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furnace  is  weU  represented  by  a  common  soda-water 
bottle,  supposing  the  neck  and  the  pointed  bottom  to     ^"^ 
be  remoTed.    In  Scotland  the  same  kind  of  section  is 
used,  with  the  addition  of  a  broad  cylindrical  hearth.     '  < 
In    develand   slightly^curved    stacks,    with    conical 
boshes  and  cylindrical  hearths,  are  the  rule.     In  South     ^i 
Wales  the  latter  conditions  are  often  reversed,  the    -  : 
lower  part,  up  to  the  top  of  the  boshes>  being  made 
conical,  while  the  stack,  which  is  for  a  certain  distance 
cylindrical,  is  terminated  by  a  strongly-curved  dome      ^] 
In  aU  cases  of  the  above,  however,  the  hearths  are  o  ^   < 
considerable  breadth. 

In  French,  Belgian,  and  German  furnaces  curvec 
sections  are  less  common  than  in  this  country.     A  mxj^ 
especial  characteristic  is,  however,  the  small  diamete    .  - 
of  hearth  generally  adopted,  the  sides  being  brought  i:   ^^ 
from  YhQ  boshes  in  a  strongly-curved  convex  swoei 
This  type,  which  is  usually  combined  with  an  extreme!    ,^ 
massive  construction  of  hearth,  is  very  similar  in  forr  - 
to  an  inverted  claret  bottle,  having  the  bottom  and  ti  z 
greater  part  of  the  neck  removed ;  the  body,  whir  ^»   " 
increases  from  the  bottom  upwards  with  a  alight  tape 
representing  the  stack,  the  shoulder  the  sweep  of  fl  t 
boshes,  and  the  narrow  neck  the  hearth.      Swedl  ^^. 
charcoal  furnaces  are  generally  of  considerable  heig  % 
when  compared  with  their  diameter;  the  hearth  m  ^     ^ 
boshes  form  part  of  the  same  cone,  usually  very  acir  ^.  "" 
The  stack  is  either  wholly  or  in  part  cylindricaL    *>sj^* 
Styria  the  charcoal  furnaces  used  for  smelting  spat} 
ores  resemble  those  of  Sweden  by  their  consideial 
height,  as   compared  with  the  breadth  and  the  «tif  3Z 
slope  of  the  conical  parts,  but  are  specially  distingTiis)^  "^ 
by  their  extremely  narrow  throats,  which  in  some  Vw^  " 
stances  do  not  exceed  2^  feet.  "^^^ 

The  height  and  other  dimensions  of  blast  furmib 
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The  conditions  limiting  the  height  of  the  ftimace 
are  mainly  due  to  the  character  of  the  ores  and  fuel^  as 
regards  their  power  of  resisting  crushing  when  exposed 
to  the  pressure  of  a  tall  column  of  materials,  and  the 
initial  velocity  of  the  blast.  The  favourable  results 
given  above,  as  obtained  in  Cleveland,  are  due  to  the 
extremely  hard  character  of  the  coke  employed,  which, 
according  to  Bell,  is  capable  of  resisting  a  crushing 
strain  of  5  cwt.  per  square  inch.  Very  tall  furnaces, 
therefore,  can  scarcely  be  used  with  tender  fuel,  such  as 
soft  charcoal,  or  coal,  and  pulverulent  ores.  Much  of 
the  anthracite  of  South  Wales  is  in  the  same  condition, 
as  it  decrepitates,  and  is  apt  to  choke  up  the  furnace,  if 
not  removed  by  an  extra-powerful  blast.  The  furnaces, 
therefore,  worked  with  this  fiiel,  though  of  large 
diameter,  and  provided  with  a  great  number  of  twyers, 
are  usually  of  small  height. 

The  time  occupied  in  the  descent  of  the  materials 
from  the  throat  to  the  hearth  is  chiefly  dependent  upon 
the  capacity  of  the  furnace.  It  is  of  the  greatest  im- 
portance that  this  should  be  so  regulated  as  to  insure 
an  early  conmiencement  of  the  reduction  of  the  ore  to 
the  metallic  state  at  a  low  temperature,  otherwise,  in 
the  event  of  protoxide  of  iron  and  silica  coming  in  con- 
tact with  each  other  in  a  more  highly-heated  atmo- 
sphere, a  silicate  is  formed,  which  is  easily  fusible, 
but  difficultly  reducible,  and,  running  down  into  the 
hearth,  forms  what  is  known  as  a  scouring  or  black 
cinder,  at  the  same  time 'giving  rise  to  white  iron. 
The  harder  a  furnace  is  driven,  therefore,  the  greater 
18  the  tendency  to  deterioration  in  the  quantity  of  the 
metal  produced,  owing  to  the  quicker  descent  of  the 
charges ;  and  it  will,  therefore,  be  apparent  that  when  an 
increased  make  is  desired,  larger  furnaces  should  be  used* 
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The  difficulty  of  inBuring  uniformity  of  temperature 
in  circolar  hearths  of  Urge  character  has  led  to 
the  proposal  of  a  more  elongated  form,  such  as  an 
ellipse  or  oblong  rectangle ;  the  latter  being  adopted 
in  Rachette's  fomace,  which  was  introduced  in  BrUseia 
a  few  years  hack,  and  has  been  tried  experimentally  in 
other  parts  c^  Europe.  It  is  represented  in  plan  and 
section  in  Figa.  19  aad  30.    ' 

The  oblong  hearth  is  combined  with  a  abaft,  increas- 
ing regularly  in  diameter  upwards,  the  section  at  the 
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throat  being  irom  two  and  a  half  to  three  and  a  ha'f 
times  as  large  as  that  measured  at  the  level  of  the 
twyera.  The  object  of  this  arrangement,  which  gives 
a  furnace  similar  in  form  to  a  calcining  kiln,  is  to  pro- 
duca  a  more  prolonged  contact  between  the  gases  and 
the  materials  of  the  charge,  by  reducing  the  velocity  of 
the  upward  current. 

The  use  of  drying  flues  is  another  new  feature  in 
Rachette's  fiimace;  these  are  a  series  of  ramiiying 
rectangular  passages,  traversing  the  outer  casing  of  the 
stack  at  different  levels,  which  are  in  connection  with  a 
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similar  chamber  placed  below  the  hearth.  Before 
blowing  in,  a  fire,  placed  in  the  chamber,  warms  up 
the  whole  of  the  masonry  uniformly,  and  more  quickly 
than  can  be  done  on  the  old  system ;  afterwards  the 
flues  maybe  used  for  the  reverse  purpose  of  cooling  the 
masonry  by  the  circulation  of  cold  air.  The  twyers, 
from  twelve  to  sixteen  in  number,  are  arranged  in  two 
rows,  breaking  joint  with  each  other,  on  the  opposite 
long  sides  of  tiiie  hearth ;  a  dam  and  tapping  place  are 
provided  on  each  of  the  short  sides,  so  that  the  removal 
of  slag  and  iron  may  be  effected  from  either  end. 

In  order  to  obtain  greater  regularity  in  the  distribu- 
tion of  the  blast,  the  large  number,  of  twyers  may  be 
replaced  by  a  single  mouth-piece,  with  a  long,  narrow, 
rectangular  aperture,  which  d<Blivers  the  air  in  a  thin 
stream  imiformly  along  the  entire  length  of  the  hearth. 
This  system  of  twyer,  together  with  the  elliptical  form 
of  hearth,  has  been  adopted  in  the  construction  of 
cupolas  for  Eonelting  slags  in  the  Lake  Superior  copper 
works.  In  the  original  furnaces  of  this  class  in  the 
Ural,  the  breadth  of  the  hearth  at  the  twyers  is  3  feet, 
at  the  throat  7  feet,  height  30  feet,  cubic  capacity  1,950 
feet,  and  the  daily  production,  when  working  on  rich 
magnetic  ore  (67  per  cent.),  with  charcoal  and  cold 
blast,  about  30  tons  of  grey  pig  iron. 

The  mode  of  charging  has  an  important  influence 
upon  the  working  of  blast  furnaces :  this  becomes  evi- 
dent when  we  consider  that,  in  order  to  obtain  regularity 
of  action,  the  descending  materials  ought  to  be  heated 
uniformly  by  the  upward  current  of  hot  gases.  This, 
however,  is  by  no  means  the  case,  owing  to  the  essential 
differences  in  the  character  of  the  two  motions,  the 
gases  following  the  sides  of  the  furnace  close  to  the 
wall,  the  flow  at  the  centre  being  almost  imperceptible. 
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Thusi  in  an  open-topped  furnace,  a  wooden  pole  may  be 
plunged  into  the  centre  of  the  charge  to  a  depth  of 
2  or  3  yards,  without  being  carbonised,  while  the 
materials  adjoining  the  wall,  at  the  same  level,  are  at  a 
red  heat.  The  descent  of  the  charges,  however,  takes 
place  imder  precisely  opposite  conditions,  the  velocity 
being  greater  at  the  centre  than  at  the  sides,  where  the 
fragments  are  retarded  by  friction  against  the  walL 
It  therefore  appears  that  the  central  portion  of  the 
column  of  materials  is  likely  to  be  imperfectly  heated 
in  its  passage  downward,  and  to  arrive  in  the  region  of 
fusion  in  an  imprepared  state. 

When  the  charges  are  of  ore* and  fiiel,  deposited  imi- 
formly  in  the  throat  of  the  furnace  in  parallel  layers, 
the  increased  velocity  of  descent  at  the  centre  causes  the 
middle  of  an  upper  layer  to  overtake  the  sides  of  that 
preceding  it,  so  that  at  a  certain  depth  below  the  mouth 
the  contents  of  the  furnace  are  more  or  less  completely 
mixed.  But  for  this  circumstance,  it  would  be  impos- 
sible to  maintain  a  uniform  heat  in  the  hearth,  which 
would  become  alternately  hot  and  cold,  according  to 
whether  fuel  or  burden  happened  to  be  in  firont  of  the 
twyers. 

In  large  furnaces,  where  it  is  necessary  to  drop  the 
charges  from  a  certain  height  into  the  throat,  the  dis- 
tribution of  the  materials  becomes  complicated  by  the 
nature  of  the  upper  surface  of  the  column  in  the  shaft, 
which  may  be  either  a  cone  raised  in  the  centre,  an 
inverted  or  conical  fimnel  depressed  in  the  middle,  or  a 
combination  of  both,  such  as  a  conical  ring,  according 
to  the  method  of  charging  employed.  The  charges, 
therefore,  instead  of  being  deposited  in  parallel  layers, 
have  to  accommodate  themselves  to  the  inclined  surface 
o^  the  preceding  one. 
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In  the  simplest  of  the  above  cases  the  oharge  is 
dropped  into  the  centre  of  the  throat,  and  forms  a 
conical  heap,  sloping  outwards  to  the  circtimference  at 
an  angle  varying,  with  the  nature  of  the  materials, 
from  about  35^  to  40^,  the  latter  being  the  TnaxiTmim 
inclination  of  the  talus  formed  by  coke.  Owing 
to-  differences  of  form  and  density,  the  fragments 
of  ore  and  Aiel  take  up  different  positions  in  the 
furnace,  the  former  usually  remaining  in  the  place 
where  they  first  strike  the  surface  of  the  coliunn,  while 
the  lighter  and  more  voluminous  masses  of  fiiel  roll 
down  the  slope  until  they  have  established  a  talus  at  the 
proper  angle  of  repose.  It  will  easily  be  seen,  there- 
fore, that  this  is  the  worst  possible  combination,  the 
fuel  being  mainly  distributed  towards  the  circumference, 
where  there  is  a  comparatively  free  passage  for  the  gases, 
while  the  ore  remains  in  a  dense  column,  impenetrable 
at  the  centre,  and  descends  without  being  properly 
heated.  When  coke  is  used,  the  friction  of  the  frag- 
ments against  the  wall  is  so  great  as  to  increase  the 
tendency  to  form  obstructions,  or  scaffolds,  and  theii 
attendant  evil,  known  as  slips,  when  the  charge  falls, 
owing  to  the  removal  of  the  obstruction,  by  gradually 
increasing  pressure  from  above,  and  the  removal  of 
supports  below.  The  ore  in  the  centre,  by  its  greater 
velocity  of  descent,  passes  through  the  fiiel  charged 
before  it,  producing  an  inversion  of  charge,  so  that  the 
slags  change  irregularly  from  white  to  black,  according 
to  the  preponderance  of  ore  or  fiiel  at  the  twyers. 

When  the  charges  are  thrown  in  close  to  the  circum- 
ference of  the  throat,  the  surface  of  the  column  of 
materials  forms  a  conical  cup,  the  lighter  fragments 
rolling  inwards  towards  the  centre,  while  the  ore  re- 
mains at  the  outside.     The  tendency  is,  therefore,  for 
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Upper  part  is  turned  over  in  the  form  of  a  siphon,  as, 
for  example,  in  the  furnace,  Fig.  6,  at  p.  142.  The  annular 
opening  hetveen  the  tube  and  the  ring  wall  forma  the 
space  for  charging,  an  arrangement  exactly  the  rererse 
of  that  noticed  at  p.  179.  Only  a  part  of  the  gases  are 
collected  by  this  method.  The  draught  is  in  some  cases 
aided  by  an  exhausting  fan.  Coingt's  apparatus,  in 
use  in  France,  is  a  combination  of  the  central  tube  with 
the  cup  and  cone. 

liangen's  apparatus,  Fig  18,  differs  from  those 
hitherto  considered, 
in  being  placed  abore 
the  furnace,  which 
may  therefore  be 
kept  filled  to  the 
throat  in  the  same 
manner  aa  one  with- 
out any  means  of 
collecting  gases.  The 
'"■  "'"e^-  charging  portion  is  a 
conical  ring,  whose  smallest  diameter  is  equal  to  that  of 
the  throat,  into  which  the  charges  are  filled  in  the  usual 
way.  The  gas  tube  is  also  slightly  conical,  diminishing 
upwards ;  the  lower  end,  which  is  about  5  feet  above 
the  top  of  the  column  of  materials  inthe  shaft,  is  turned 
orer  into  a  gutter  or  water  trough.  The  gaaes  rising 
from  the  Aunaoe  are  collected  in  a  bell-shaped  tube, 
whose  lower  end  rests  in  the  conical  cup  at  the  top  of 
the  furnace,  while  the  upper  part  is  turned  over  into 
a  lip,  which  dips  into  the  wafer  trough  on  the  gas  tube, 
forming  a  perfectly  air-tight  stopper.  At  the  time  of 
charging,  the  bell,  which  is  suspended  by  chains 
to  a  lever,  is  lifted,  the  upper  end  sliding  on  the  ont- 
■ide  of  the  gas  tube,  whii^  forms  a  kind  of  telesccpic 
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joint.  The  chargee  in  the  cup  then  fall  into  the  fur- 
nace. In  order  to  keep  the  water  joint  tight,  it  is 
necessary  to  make  good  the  waste  caused  by  evapora- 
tion from  time  to  time,  owing  to  the  high  temperature 
of  the  gases.  To  preyent  the  chance  of  an  explosion, 
a  safety-TalTC  is  placed  on  the  top  of  the  gas  tube  at 
dy  and  another  on  the  lateral  tube  at  b. 

Even  in  Aimaces  where  the  gases  are  not  collected, 
the  use  of  a  conical  charger  is  attended  with  consider- 
able advantage.  Where  the  diameter  of  the  throat  is 
large,  it  is  customary  to  fix  charging  plates  inclining 
inwards,  immediately  within  the  charging  holes,  which 
distribute  the  charges  in  a  similar  manner. 

In  the  charcoal  furnaces  of  Lake  Superior  and  Styria, 
a  charging  barrow  is  used,  which  is  constructed  exactly 
in  the  same  manner  as  the  cup  and  cone.     The  body  of 
the. barrow  is  an  inverted  eight-sided  pyramidal  cup, 
the  bottom  being  an  upright  cone,  which,  when  dropped 
by  a  lever  attached  to  its  summit,  leaves  an  annular 
space  for  the  materials  to  pass  out  into  the  furnace,  at 
the  same  time  they  are  directed  towards  the  circum- 
ference of  the  throat,  in  sliding  over  the  surface  of  the 
cone.     At  Bhonitz,  in  Hungary,  charging  barrows  are 
used  having  sliding  cylindrical  sides  in  addition  to  the 
dropping  conical  bottom,  so  that  the  charging  takes 
place  in  a  ring  towards  the  sides  of  the  furnace  as  well 
as  at  the  centre. 

Form  of  the  Interior  of  the  Blast  Furnace.  In  laying 
out  new  works  at  the  present  time  it  is  usual  to  build 
the  fiimaces  of  a  more  or  less  skittle  or  tub-shaped 
section,  all  sharply-contrasted  slopes  being  avoided,  the 
diameter  increasing  continuously  from  the  throat  to 
the  boshes,  and  then  being  contracted  in  a  similar 
manner  down  to  the  hearth  bottom,  without  having  a 
cylindrical  hearth.     The  form  of  the  body  of  such  a 
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Upper  part  is  turned  over  in  the  form  of  a  siplioD,  as, 
forezample,mthefuniace,  Fig.6,  atp.  143.  The  annular 
opening  between  the  tube  and  the  ring  wall  forms  the 
space  for  charging,  an  arrangemeat  exactly  the  reverse 
of  that  noticed  at  p.  179.  Only  a  part  of  the  gases  are 
collected  by  this  method.  The  dranght  is  in  some  cases 
aided  by  an  exhausting  fan.  Ooingt's  apparatus,  in 
use  in  France,  is  a  combination  of  the  central  tube  with 
the  cup  and  cone. 

Langen's  apparatus,  Fig  18,  differs  from  those 
hitherto  considered, 
in  being  placed  above 
the  furnace,  which 
may  therefore  be 
kept  filled  to  the 
throat  in  the  same 
manner  as  one  with- 
out any  means  of 
collecting  gases.  The 
Fig.  w.-y™c.  .op.  ,.u.  L«,ge->-.  ch.rB«.  ciiarging  portion  is  a 
conical  ring,  whose  smallest  diameter  is  equal  to  that  of 
the  throat,  into  which  the  charges  are  filled  in  the  usual 
way.  The  gas  tube  is  also  slightly  conical,  diminishing 
upwards ;  the  lower  end,  which  is  about  5  feet  above 
the  top  of  the  column  of  materials  in  the  shaft,  is  turned 
over  into  a  gutter  or  water  trough.  The  gases  rising 
from  the  furnace  are  collected  in  a  bell-shaped  tube, 
whose  lower  end  rests  in  the  conical  cup  at  the  top  of 
the  furnace,  while  the  upper  part  is  tamed  over  into 
a  lip,  which  dips  into  the  water  trough  on  the  gas  tube, 
forming  a  perfectly  air-tight  stopper.  At  the  time  of 
charging,  the  bell,  which  is  suspended  by  chains 
to  a  lever,  is  lifted,  the  upper  end  sliding  on  the  out- 
■ide  of  the  gas  tube,  which  forms  a  kind  of  teleaccpic 
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joint.  The  charges  in  the  cup  then  fall  into  the  fur- 
nace. In  order  to  keep  the  water  joint  tight,  it  is 
necessary  to  make  good  the  waste  caused  by  evapora- 
tion from  time  to  time,  owing  to  the  high  tenpiperature 
of  the  gases.  To  preyent  the  chance  of  an  explosion, 
a  safety-yalve  is  placed  on  the  top  of  the  gas  tube  at 
a,  and  another  on  the  lateral  tube  at  b. 

Eyen  in  furnaces  where  the  gases  are  not  collected, 
the  use  of  a  conical  charger  is  attended  with  consider- 
able adyantage.  Where  the  diameter  of  the  throat  is 
large,  it  is  customary  to  fix  charging  plates  inclining 
inwards,  immediately  within  the  charging  holes,  which 
distribute  the  charges  in  a  similar  manner. 

In  the  charcoal  fiimaces  of  Lake  Superior  and  Styria, 
a  charging  barrow  is  used,  which  is  constructed  exactly 
in  the  same  manner  as  the  cup  and  cone.  The  body  of 
the. barrow  is  an  inverted  eight-sided  pyramidal  cup, 
the  bottom  being  an  upright  cone,  which,  when  dropped 
by  a  lever  attached  to  its  summit,  leaves  an  annular 
space  for  the  materials  to  pass  out  into  the  furnace,  at 
the  same  time  they  are  directed  towards  the  circum- 
ference of  the  throat,  in  sliding  over  the  surface  of  the 
cone.  At  Bhonitz,  in  Himgary,  charging  barrows  are 
used  haying  sliding  cylindrical  sides  in  addition  to  the 
dropping  conical  bottom,  so  that  the  charging  takes 
place  in  a  ring  towards  the  sides  of  the  furnace  as  well 
as  at  the  centre. 

JFbrm  of  the  Interior  of  the  Blast  Furnace.  In  laying 
out  new  works  at  the  present  time  it  is  usual  to  build 
the  furnaces  of  a  more  or  less  skittle  or  tub-shaped 
section,  all  sharply-contrasted  slopes  being  avoided,  the 
diameter  increasing  contiauously  from  the  throat  to 
the  boshes,  and  then  being  contracted  in  a  similar 
manner  down  to  the  hearth  bottom,  without  having  a 
cylindrical  hearth.     The  form  of  the  body  of  such  a 
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fdmace  is  weU  represented  by  a  commoii  soda-water 
bottle,  supposing  the  neck  and  the  pointed  bottom  to 
be  removed.  In  Scotland  the  same  kind  of  section  is 
used,  with  the  addition  of  a  broad  cylindrical  hearth. 
In  Cleveland  slightly-curved  stacks,  with  conical 
boshes  and  cylindrical  hearths,  are  the  rule.  In  South 
Wales  the  latter  conditions  are  often  reversed,  the 
lower  part,  up  to  the  top  of  the  boshes>  being  made 
conical,  while  the  stack,  which  is  for  a  certain  distance 
cylindrical,  is  terminated  by  a  strongly-curved  dome. 
In  all  cases  of  the  above,  however,  the  hearths  are  of 
considerable  breadth. 

In  French,  Belgian,  and  German  furnaces  curved 
sections  are  less  common  than  in  this  country.  A  more 
especial  characteristic  is,  however,  the  small  diameter 
of  hearth  generally  adopted,  the  sides  being  brought  in 
&om  the  boshes  in  a  strongly-curved  convex  sweep. 
This  type,  which  is  usually  combined  with  an  extremely 
massive  construction  of  hearth,  is  very  similar  in  form 
to  an  inverted  claret  bottle,  having  the  bottom  and  the 
greater  part  of  the  neck  removed ;  the  body,  which 
increases  from  the  bottom  upwards  with  a  slight  taper, 
representing  the  stack,  the  shoulder  the  sweep  of  the 
boshes,  and  the  narrow  neck  the  hearth.  Swedish 
charcoal  furnaces  are  generally  of  considerable  height 
when  compared  with  their  diameter ;  the  hearth  and 
boshes  form  part  of  the  same  cone,  usually  very  acute. 
The  stack  is  either  wholly  or  in  part  cylindrical.  In 
Styria  the  charcoal  furnaces  used  for  smelting  spathic 
ores  resemble  those  of  Sweden  by  their  considerable 
height,  as  compared  with  the  breadth  and  the  steep 
slope  of  the  conical  parts,  but  are  specially  distinguished 
by  their  extremely  narrow  throats,  which  in  some  in- 
stances do  not  exceed  2|  feet 

The  height  and  other  dimensions  of  blast  furnaces 
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vary  yery  considerably  in  differ^at  localities  with  the 
nature  of  the  ores  and  fuel.  No  special  rules  can  be 
laid  down  as  to  the  form  best  suited  for  a  particular 
class  of  ore,  experience  having  shown  that  the  require- 
ments of  each  class  are  to  be  met  by  special  arrange- 
ments. The  most  useful  guide  in  the  construction  of 
new  Aimaces  is  &mished  by  the  condition  of  those 
that  have  been  blown  out  after  working  upon  the 
same  kind  of  ore.  It  was  by  comparisons  of  this  kind 
that  the  modem  barrel-shaped  furnace  was  elaborated 
by  Gibbons,  in  South  StafiTordBhire,  from  the  older 
conical  form,  the  section  of  the  newer  ftimace  being 
modified  wherever  the  action  of  the  fire  was  found  to 
be  strongest :  thus  square  hearths  were  burnt  out  to  a 
circular  form,  and  the  sharp  angle  at  the  joining 
of  the  hearth  and  boshes  was  also  removed.  It  was 
therefore  apparent  that,  by  altering  these  parts  in  con- 
formity with  the  indications,  a  double  advantage  was 
attained,  a  certain  amount  of  materials  being  saved, 
while  the  furnace  was  sooner  brought  to  its  best  work- 
ing condition  than  was  the  case  when  it  had  first  to  be 
cut  into  shape  by  the  heat. 

If  we  consider  the  nature  of  the  work  done  in  the 
blast  fiimace  with  reference  to  fhe  amount  of  iron  pro- 
duced in  a  giyen  time,  it  will  be  evident  that  an  increase 
of  such  production  can  only  be  obtained  from  the  same 
ores  by  passing  a  larger  number  of  charges  through  in 
the  same  time ;  this,  however,  depends  upon  the  facili- 
ties possessed  for  withdrawing  them  by  fusion  at  the 
bottom ;  for,  however  great  the  cubic  contents  may  be, 
it  is  clear  that  new  materials  can  only  be  supplied  in 
proportion  to  the  speed  with  which  those  charged  before 
them  are  removed. 

The  power  of  fusion  is,  however,  to  be  measured  by 
the  space  offered  for  combustion  of  fuel  by  the  blast 
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it  may  he  atopped  for  aboat  a  week  without  seriomi 
inoonTenienoe ;  but  if  the  blast  be  interrupted  for  a 
longer  period,  the  cooling  takes  place  to  such  an  extent 
that  the  fbmaoe  becomes  blocked  up,  and  would  pro- 
bably be  obliged  to  be  abandoned. 


CHAPTER  IX. 

CAPACITT  AND  PRODUCTION  OF  BLAST  FURNACES. 

Thb  greatly-increaaed  production  of  modem,  as  com- 
pared with  older  fomaceSy  is  due  partly  to  their  much 
larger  tixe^  and  partly  to  more  rapid  driying,  produced 
by  giving  more  blast.      No  general  role  can  be  laid 
down  as  to  the  time  necessary  for  complete  reduction 
of  the  ores  preyious  to  their  actual  Vision  and  the 
separation  of  metal  and  slag  by  liquation,  as  it  is 
obTiously  dependent  upon  many  variable  elements,  such 
as  the  greater  or  less  density  of  the  ores  and  Axel,  the 
richness   of  the   former,  whether   they  are   readily 
reducible,  or  have  a  tendency  to  scorification,  &o.    This 
point  must,  therefore,  be  determined  by  actual  expe- 
riment for  each  particular  furnace,  by  varying  the 
amount  of  blast  and  the  burden  of  ore  and  fluxes, 
imtil  the  particular  result  required,  either  in  respect 
to  quality  or  quantity  of  produce,  is  obtained.     Other 
things  being   equal,  the  time  of  reduction  will  be 
lessened  the  more  perfectly  the  materials  are  exposed 
to  the  action  of  the  upward  gaseous  current.    It  there- 
fore becomes  of  the  greatest  importance  to  render  the 
flow  of  gases  as  uniform  as  }X)saible  throughout  the 
mass,  by  the  use  of  proper  charging  and  gas-collecting 
appliances.     Especial  care   must   be  taken   that  no 
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hindrance  is  offered  to  the  free  efflux  of  the  current 
at  the  top  of  the  furnace.  For  this  reason,  these 
methods,  based  upon  the  collection  of  the  gases  above, 
or  in  the  centre  of  the  charge,  are  to  be  preferred  to 
such  as  employ  lateral  flues,  penetrating  the  wall  below 
the  level  of  the  throat,  whereby  the  current  is  diverted, 
without  being  allowed  to  give  up  its  heat  to  the  upper 
part  of  the*  column  of  materials  above  the  flues. 

An  increase  in  the  volume  of  blast,  keeping  the 
pressure  constant,  has  a  tendency  to  put  the  furnace 
on  white  iron.  By  increasing  both  pressure  and  tem- 
perature, on  the  other  hand,  especially  with  refractory 
ores,  greyer  or  more  highly-carburised  iron  is  likely  to 
be  produced. 

In  the  table  on  page  199  the  cubic  contents  and  daily 
make  of  a  series  of  furnaces  are  shown,  together  with  the 
effective  volumes  required  to  produce  one  ton  daily  in 
each  case. 

The  quantities  in  the  last  column  but  one  cannot  be  . 

fairly  paralleled  with  each  other,  without  taking  into 
account  the  differences  in  the  nature  of  the  materials 
employed.  Thus,  ill  Nos.  1,  2,  and  4,  the  ores  are 
treated  almost  without  fluxes,  so  that  the  production  of 
slag  is  reduced  to  a  minimum,  whereas  in  the  largest 
English  and  Welsh  furnaces,  working  with  a  mixed 
burden,  the  weight  of  slag  considerably  exceeds  that 
of  the  iron  made.  The  descent  of  the  charge  is  quickest 
in  the  Styrian  furnaces,  where  rich  and  easily-reducible 
spathic  ores  pass  through  the  furnace  in  four  and  a  half 
or  five  hours.  In  Wales,  on  the  other  hand,  in  some 
instances,  the  charges  do  not  arrive  in  the  hearth  until 
forty-two  hours  after  the  time  of  charging.  In  Cleve- 
land the  time  of  descent  is  about  thirty-  six  hours ;  while, 
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in  the  older  blackband  ftimaces  in  Scotland,  it  varies  frc.m 
two  cmd  a  half  to  three  and  a  half  days. 

The  nature  of  the  work  done  by  blast  ftimaces  can 
only  be  understood  by  examining  the  conditions  of  pro- 
duction prevailing  in  different  districts.  The  following 
examples  give  the  working  details  of  a  few  examples 
selected  as  types  from  various  localities : — 

In  Styria,  the  furnaces  are  the  so-called  Blauofen, 
consisting  of  two  tnmcated  cones,  with  a  very  narrow 
throat,  and  distinguished  from  the  ordinary  blast  furnace 
by  being  without  a  fore-hearth,  the  metal  and  slag  being 
allowed  to  collect  in  the  hearth,  which  is  comparatively 
shallow,  and  are  tapped  off  together  at  short  intervals, 
thenimiber  of  casts  varying  from  5  to  16  in  twenty-four 
hours.  The  ores  are  chiefly  spathic,  poor  in  manganese, 
partly  pure,  and  partly  altered  into  brown  hematite.  In 
order  to  get  rid  as  completely  as  possible  of  the  sulphur 
due  to  the  presence  of  pyrites  in  small  quantities,"  they 
are  allowed  to  weather  for  two,  three,  or  more  years 
after  roasting.  The  amount  of  iron  varies  from  35 
to  66  per  cent.  The  object  sought  to  be  attained  is  the 
production  of  white  iron,  for  conversion  into  bar  iron, 
from  rich  and  easily-reducible  ores,  with  a  minimum 
expenditure  of  fuel  (charcoal).  This  is  done  by  work- 
ing under  a  very  heavy  burden,  the  tendency  to  obstruc- 
tions caused  by  this  proceeding  being  counteracted  by 
giving  charges  of  fuel  alone  at  regular  intervals.  Some 
varieties  of  ore  are  of  the  self-fluxing  kind ;  but  as  a 
rule  they  qpntain  a  considerable  quantity  of  lime,  re- 
quiring the  addition  of  siliceous  and  aluminous  fluxes, 
such  as  clay  or  clay  slate.  The  following  are  the 
charges  and  yields  of  the  two  furnaces  whose  sections 
are  given  in  Fig.  21 : — 
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1.  Von  Fridau's  FumacSy  Vordemherg,  The  charge 
consists  of  6  to  6  cwt.  of  roasted  ore,  10  per  cent.  <rf 
clay,  and  8  to  10  lbs.  of  washed  metal,  %.e\  gramdated 
pig  iron,  recovered  from  the  slag  by  stamping  and 
washing.  The  fuel  is  measured ;  2  tubs,  or  16^  feet, 
or  about  101  lbs.  of  soft  pine- wood  charcoal  being 
employed  per  charge.  The  burden  of  ore  is  gradually 
raised  from  3  to  6  cwt.  per  charge,  and  then  diminished 
similarly,  a  blank  charge  of  ftiel  being  given  at 
each  change.  The  daily  production  is  from  18^  to 
20  tons.  The  twyers  plunge  or  incline  at  an  angle 
of  5^,  so  that  the  fiimace  fulfils,  to  some  extent,  the 
fimctions  of  u  refinery. 

2.  Von  Mscher's  Furnace,  Vordemberg.  This  is  one 
of  the  smallest  furnaces  in  the  world.  (See  section,  Fig. 
21).  The  usual  charge  includes  223  lbs.  ore,  15  lbs. 
clay,  and  4  lbs.  of  washed  metal,  to  If  tub  (13f 
cubic  feet  or  95  lbs.)  of  charcoal.  The  daily  produc- 
tion is  7^  tons ;  the  furnace  is  tapped  at  intervals  of 
one  and  a  half  hours,  fourteen  charges  being  made  dur- 
ing the  same  period,  including  a  blank  one,  i,e.  of 
fuel  without  burden. 

These  furnaces  are  driven  at  a  very  high  speed.  The 
first  tapping  takes  place  twelve  hours  after  lighting, 
and  afterwards  at  intervals  of  two  to  two  and  a  half 
hours.  The  burden  of  ores  smelted  per  tub  of  7f  feet 
of  charcoal  varies  from  170  to  220  lbs.  with  cold,  and 
from  220  to  250  lbs.  with  hot  blast.  The  consumption 
of  charcoal  is  from  65  to  70  per  cent,  of  the  weight 
of  the  metal  produced,  or  from  13^  to  14  cwt.  per 
ton. 

The  ores  are  well  adapted  for  the  production  of 
spiegeleisen,  though  they  contain  less  manganese  than 
those  of  a  similar  kind  smelted  in  Siegen ;  but  owing 
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to  the  price  of  fuel,  it  is  not  always  made.  The 
slags  usually  contain  a  considerable  quantity  of  prot- 
oxide of  manganese  (from  10  to  21  per  cent.),  and 
often  nearly  as  much  protoxide  of  iron,  owing  to  the 
small  amount  of  lime  employed  in  fluxing.  In  some 
instances,  a  certain  quantity  of  ankerite  (carbonate  of 
lime,  magnesia,  and  protoxide  of  iron)  is  added  to  every 
fourth  or  fifth  charge. 

In  the  Siegen  district  the  ores  smelted  are  principally 
spathic  and  brown  hematite,  with  a  considerable  quantity 
of  manganese,  together  with  red  schistose  hematite, 
partly  raised  in  the  neighbourhood,  and  partly  brought 
from  Nassau.  The  products  are  white  and  grey  pig  metal 
and  spiegeleisen,  all  of  which  are  employed  in  steel- 
making;  the  first  (weissstrahlig  or  rohstahleisen)  in  the 
open  fire  or  puddling  furnace,  and  the  others  in  the 
Bessemer  process.  Formerly  the  furnaces  were  small, 
and  chiefly  worked  with  charcoal,  but  in  those  of  newer 
construction  the  use  of  coke  and  hot  blast  is  found  to 
be  attended  with  greater  regularity  in  the  composition 
and  quantity  of  the  products.  The  following  examples 
give  the  working  details  of  two  of  the  largest  and  most 
improved  furnaces : — 

Heinnchahutte,  The  ordinary  charge  contains,  by 
measure : — 

i  roasted  spathic  ores     •        •     7  cwt, 
f  brown  hematite   .         •         •    4    „ 
25  to  80  per  cent,  limestone      .     8    ,, 

The  fuel  is  coke  from  the  Ruhr  coal-field,  containing 
from  9  to  10  per  cent,  of  ash.  Each  charge  weighs  14 
cwt.,  and  contains  from  44  to  48  per  cent.,  correspond- 
ing to  a  burden  of  36  cwt.  of  ore  and  flux  per  ton  of 
metal.     The  daily  number  of  charges  is  from  38  to  40. 
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The  blast,  is  supplied  tlirougli  three  twyers,  that  at 
the  back  being  2^,  and  those  at  the  sides  2t4  inches 
diameter.  The  pressure  is  3|  lbs.  per  square  inch,  and 
the  temperature  from  270^  to  300^.  About  26  tons 
of  a  white  lamellar  metal  (rohaiahleken),  suitable  for 
conversion  into  steel,  and  sheet  and  wire  iron,  are  pro- 
duced daily,  with  a  consumption  of  from  20  to  22  cwt. 
of  coke  per  ton. 

At  Charlottenhiitte  the  charges  for  spiegeleisen  are 

of  the  following  composition : — 

cwt. 
Boasted  spathic  ores   ,         •     28*8  )      yielding  from 

Eaw  brown  hematite  ,         ,      7*2   )  44  to  45  per  cent. 

„    limestone    .         .         •       9*0 


Total  charge       ...     45*0 
Coke  .         .        •         .20*0  containing  8  percent. 

of  ash. 

Daily  number  of  charges,  36 ;  produce,  30  tons ;  con- 
sumption of  coke  per  ton,  22  to  23  cwt. ;  number  of 
twyers,  3 ;  back,  3  inches ;  sides,  3|  inches  diameter ; 
pressure  of  blast,  3f  lbs.  per  square  inch ;  temperature, 
280®  to  300°.  When  working  on  white  forge  pig,  the 
charge  is  increased  by  the  addition  of  [Nassau  red 
hematite  to  50  cwt.,  and  the  produce  to  35  tons. 

The  production  of  spiegeleisen  is  facilitated  by  the 
prevalence  of  a  high  temperature  in  the  region  of  the 
hearth,  the  use  of  hotter  blast  being  found  to  increase 
the  quantity  of  manganese  reduced.  The  metal  produced 
under  the  conditions  given  above  contained  8  per  cent, 
of  manganese,  which  was  reduced  to  4  per  cent,  when 
the  temperature  of  the  blast  was  allowed  to  fall  to 
100®. 

The  slag  must  be  as  nearly  as  possible  neutral,  i.e 
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having  the  oxygen  of  the  bases  equal  in  amount  to  that 
of  the  silica;  but  as  the  silicates  of  lime  and  alumina 
of  this  form  are  extremely  refractory,  the  requisite 
fusibility  is  attained  by  the  partial  substitution  of  other 
bases,  such  as  magnesia,  but  more  particularly  protoxide 
of  manganese.  Silicate  of  protoxide  of  manganese,  re- 
quiring a  very  high  temperature  for  its  reduction  by 
carbon,  does  not  exercise  a  decarburising  influence 
on  molten  cast  iron  to  the  same  extent  as  the  corre- 
sponding silicate  of  protoxide  of  iron. 

Owing  to  their  basic  character,  the  slags  have  a 
tendency  to  corrode  the  sandstone  hearth  of  the  fomace 
very  rapidly.  This  is  counteracted,  to  a  certain  extent, 
by  the  use  of  water  blocks  surrounding  the  exterior  of 
the  hearth  at  several  different  levels. 

The  amount  of  manganese  reduced  also  depends  upon 
the  state  of  oxidation  in  which  it  exists  in  the  ores, 
being  greatest  when  spathic  ore  is  used,  and  least  when 
supplied  in  the  form  of  manganesiferous  hematite. 
Formerly  the  spiegeleisen  of  Miisen  was  produced  by 
the  treatment  of  the  Stahlberg  spathic  ore  without  flux ; 
but  since  the  introduction  of  limestone  into  the  charge, 
the  metal  is  much  richer  in  manganese. 

The  furnaces  Tised  in  Sweden  are  in  many  respects 
similar  to  the  Blauofen  of  Styria,  the  fore-hearth  being 
small  and  narrow.  Their  dimensions  are  usually  small, 
varying  from  600  to  2,300  cubic  feet.  The  largest, 
at  Sandviken,  near  Gefle,  is  52  feet  high,  9 J  feet 
wide  at  the  boshes,  and  6  feet  at  the  throat,  with  six 
twyers,  four  of  which  are  used  at  one  time;  the  other 
two  are  in  the  tymp.  South  Wales  fashion.  The  slag^ 
and  metal  are  drawn  on  opposite  sides  of  the  hearth, 
an  arrangement  similar  to  that  of  the  furnace  at  Safvenas, 
Fig.  4,  so  that  the  iron  may  be  nm  directly  into  the 
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Befisemer  converters.  The  clay  and  quartz  lining  of 
the  hearth  is  from  6  to  8  inches  thick ;  it  consists  of 
from  4  to  6  parts  of  quartz,  mixed  with  1  of  fire- 
clay. 

The  Swedish  ores  vary  considerably  in  character.  The 
best  are  those  known  as  self-fluxing, — i.e.,  containing 
earthy  materials  in  the  proper  proportions  to  form  a 
fiisible  bisilicate  slag  without  further  addition.  The 
ores  of  Dannemora,  Langbanshytta,  and  Langs- 
hytta  are  of  this  character:  they  contain  from  60 
to  59  per  cent,  of  iron.  At  the  last-named  furnaces, 
the  charge,  with  the  addition  of  from  3  to  5  per  cent, 
of  limestone,  or  blast-frimace  slag,  contains  at  times  as 
much  as  60  J  per  cent,  of  iron.  As  a  general  rule, 
the  more  quartzose  hematites  and  micaceous  ores  are 
mixed  with  calcareous  magnetites,  and  fluxed  with 
dolomitic  limestone,  the  average  percentage  of  the 
charges  being  from  35  to  52  per  cent.  The  maximum 
amount  of  flux,  25  per  cent,  of  lunestone,  is  used  in 
smelting  the  siliceous  itabirite  of  Nora ;  and  at  Taberg, 
where  the  ore  is  a  greenstone,  impregnated  with  mag- 
netite, and  the  charge  contains  only  20  per  cent,  of  iron. 

The  temperature  of  the  blast  does  not  exceed  200*^, 

the  pressure  varying  from  10  to  15  lifies  of  mercury, 

or  at  most  20,  in  the  newer  furnaces.     The  gases  for 

heating  the  blast  are  drawn  through  an  opening  in  the 

side  of  the  furnace,  about  12  or  14  feet  below  the 

throat ;  the  stoves  are  of  the  horizontal,  serpentine,  or 

Wasseralfingen  pattern,  with  pipes  of  circular  section ; 

the  coil   rarely  containing  more  than  three  or  four 

turns.     Cold  blast  is  only  used  at  Finspong,  in  the 

manufactory  of  gun-foundry  iron  ;    even  the  Danne- 

mora  furnaces  are  now  worked  with  blast  heated  to 

80^  or  100^ 

l3 
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The  average  weekly  production  of  the  Swedish 
furnaces  ranges  from  700  to  1,400  centners  (24 
centners  =  1  ton).  In  excess  of  these  yields  are  those  of 
Langshytta,  2,800  ctr. ;  Sandviken,  2,500  ctr. ;  and 
Langbanshytta,  1,800  ctr.  At  Taberg,  on  the  other 
hand,  the  amount  is  as  low  as  600  ctr.  The  furnaces 
are,  as  a  rule,  only  kept  in  blast  during  the  winter 
months,  in  1864  the  average  was  150  days,  when  the 
ores  and  fiiel  can  be  easily  brought  to  the  works  by 
means  of  sledges.  At  the  mouths  of  the  Lapland  rivers, 
some  of  the  furnaces  are  in  connection  with  saw-mills, 
the  blast-engine  boilers  being  fed  with  the  waste  slabs 
and  sawdust ;  the  ores  and  fluxes,  in  such  cases,  being 
brought  from  the  south  in  the  summer  time  by  sailing 
vessels. 

The  consumption  of  charcoal  varies  with  the  nature 
of  the  ore,  the  average  for  the  whole  country  being 
from  16  to  17  cwt.  per  ton  of  white  or  mottled 
forge  pig,  and  about  one-third  more,  or  from  21  to  22 
cwt.  per  ton,  of  grey  metal,  suitable  for  foundry  or 
Bessemer  steel  purposes.  At  Langshytta,  the  con- 
sumption is  as  low  as  13^  to  14  cwt.,  making  white 
and  mottled  iron.  The  poor  ores  of  Taberg  require  as 
much  as  50  or  60  cwt.  per  ton. 

The  charcoal  fiimaces  of  Lake  Superior  are  notice- 
able for  their  large  productions.  At  Greenwood  fur- 
nace^  near  Marquette,  two  classes  of  ore  are  smelted — 
namely,  brown  hematite,  containing  an  average  40  per 
cent.,  and  slaty  red  hematite,  or  specular  schist,  with 
GO  per  cent. ;  the  former,  although  poorer,  is  preferred, 
as  being  more  easily  reducible  than  the  harder  slaty 
ore.  The  two  qualities  are  mixed  to  yield  55  per  cent, 
of  pig  iron.  The  fiimace  is  40  feet  high,  11  feet, 
diameter  at  the  boshes,  and  4  feet  at  the  throat ;  the 
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gases  are  collected  in  a  narrow  ring  flue,  enclosed  by 
an  iron  cylinder,  remaining  open.     The  blast,   at  a 
temperature  of  330^  and  a  pressure  of  1|  to  2  lbs.  per 
square  inch,  is  introduced  through  two  twyers  of  3J 
inches  in  diameter  on  opposite  sides  of  the  hearth.    A 
variegated  crystaUine  limestone  is  used  as  flux,  to  the 
amount  of  about  10  per  cent,  of  the  weight  of  the  ore. 
The  fuel  is  hard  wood,  principally  maple  charcoal,  the 
consumption  being  at  the  rate  of  125  bushels,  weighing 
from  16  to  20  lbs.  each,  or  about  25  cwt.  per  ton  of 
pig  iron.  The  ores  are  not  roasted,  but  all  the  materials 
are  reduced  to  the  size  of  ordinary  road  metal  by  a 
Blake's    rock  breaker  previously  to  charging.      The 
daily  produce  in  July,  1865,  before  the  fiimace  had 
arrived  at  its  full  make,  was  from  16  to  18  tons,  mostly 
small-grained,  dark  grey  pig,  suited  for  Bessemer  steel- 
making    and  foundry  work,  especially  chill  casting, 
such  as  railway  wheels.      At  Wyandotte  Iron  "Works, 
near  Detroit,    in  a  furnace    of   similar    dimensions, 
the  consumption  of  light-wood  coals  is  140  bushels  of 
14  lbs.  weight  each  per  ton.     The  charges  are  500  lbs. 
of  red  slaty  ore,  40  lbs.  of  limestone,  from  the  Niagara 
formation,  which  is  supplied  in   the  form  of  rolled 
pebbles,  and   40  lbs.   of  forge   cinders ;    the   average 
jneld  being  65  per  cent. 

The  large  amount  of  fuel  required  by  these  fur- 
naces has  already  made  a  very  decided  impression  on 
the  surrounding  timber.  The  average  yield  per  acre  of 
the  best  timber  land  on  Lake  Superior  is  often  50  to 
60  cords  of  128  cubic  feet  measurement,  or  about 
2,700  bushels ;  a  quantity  only  sufficient  to  make  20 
tons  of  pig  iron.  So  that  the  daily  supply  of  a  single 
furnace  necessitates  the  clearing  of  an  acre  of  forest ; 
or,  supposing  it  to  be  put  down  in  the  centre  of  a 
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uniformly-wooded  district,  and  to  make  16  tons  daily, 
two  years'  working  would  be  sufficient  to  clear  a  circle 
of  a  mile  in  diameter.  It  is  evident,  therefore,  that 
even  in  a  densely-wooded  country  a  permanent  supply 
of  fuel  cannot  be  looked  for  except  where  the  works 
are  placed  within  reach  of  rivers  or  navigable  waters. 

In  South  Staflfordshire  the  make  is  chiefly  grey  pig* 
for  forge  purposes,  which  is  afterwards  converted  into 
bars,  plats,  and  other  fflnall  varieties  of  merchant  iron. 
The  ores  employed  are  partly  "native  mine,"  i.e.  clay 
ironstones  from  the  coal  measures,  and  partly  brown  and 
red  hematites  from  North  Staflfordshire,  Lancashire, 
and  other  parts.  Forge  cinders  are  extensively  used 
in  the  production  of  common  hot  blast  metal,  but  the 
best  mine  pigs  are  still  made  with  cold  blast  and  coke. 
According  to  Jones  the  annual  consumption  of  this 
district  is  as  follows : — 

Tons. 

Native  mine  (clay  ironstones  of  the  coal  measures)        .  948,500 
Brown    hematite,  "hydrate,"  or.  Froghall  calcareous 

brown  hematite 368,000 

lied  hematite,  Ulverstone 50,000 

Northamptonshire  brown  iron  ores         ....  200,000 

North  Staffordshire  argillaceous  carbonate  and  blackband  180,000 

Forge  and  miU  cinders 150,000 

1,896,500 

The  coals  of  South  Staflfordshire  are  of  a  non-caking 
class,  yielding  only  a  slightly  coherent  coke,  from  the 
absence  of  binding  qualities ;  therefore  the  slack  cannot 
be  coked  alone.  Of  the  two  principal  seams  used  for 
iron-making,  the  thick  yields  54  per  cent,  by  weight  of 
coke,  with  0-31  of  sulphur  and  4'18  of  ash ;  the  lower, 
or  heathen  coal,  contains  0*51  of  sulphur  and  4*68  of  ash. 
Generally  the  fuel  is  used  partly  raw  and  partly  coked« 
The  pressure  of  blast  varies  between  2|  to  3  lbs.  per 
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square  inch,  and  the  temperature  from  300^  to  330^, 
except  in  the  small  number  of  cold  blast  furnaces. 

The  flux  used  is  principally  Silurian  limestone  from 
Dudley  and  Wenlock  Edge,  and  carboniferous  limestone 
from  North  Staffordshire  and  Derbyshire. 

Theaverage  consumption  of  coal  per  ton  of  metalmade 
is  for  hot  blast  frLmaces  from  55  to  60  cwt.,  and  for  cold 
blast  from  60  to  70  cwt.,  or  rather,  the  corresponding 
equivalent  in  coke,  besides  2  cwt.  of  small  for  cal- 
cining, and  15  to  22  cwt.  used  in  the  hot  blast  stoves 
and  steam  boilers,  very  few  furnaces  in  this  district 
being  provided  with  gas-saving  apparatus. 

The  average  weight  of  the  charge  per  ton  of  pig 

iron  is — 

48  cwt.  Coal-measure  ores. 

7    „  Bed  hematite. 

14   „  Limestone. 

The  average  yield  of  119  fiirnaces  in  blast  in  1866  is 
stated  to  have  been  between  120  and  150  tons  each  per 
wet>k ;  the  largest  make  from  180  to  250  tons  weekly ; 
but  there  are  only  a  small  number  in  this  class. 

The    produce    is    classified    into    six    numbers    as 

follows : — 

Ko8.  1,  2.  Grey  foundry  pig. 

„     3,  4.  Grey  forge  pig. 

„     5,  6.  Mottled  and  white  forged  pig. 

According  to  quality  and  materials  employed,  the 
following  scale  is  adopted  in  South  Staffordshire  : — 

Common  forge  pigs. 

foundry  pigs. 
Best  foundry  pigs. 

Mine  pigs,  smelted  from  ores  without  cinders. 
Best  mine  pigs,  special  brands. 
Hydrates,  made  from  Froghall  brown  hematite. 
Cold  blast  pigs. 
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The  general  conditions  of  working  in  the  blast  fur- 
naces of  South  Wales  are  in  many  respects  similar  to 
those  of  South  Staffordshire,  especially  as  regards  the 
ores  which  are  partly  raised  on  the  spot,  and  partly 
brought  from  other  districts,  often  at  a  considerable 
distance.  The  staple  product  is  white  forge  pig,  which 
is  in  great  part  used  in  the  manufacture  of  rails  in  the 
local  forges.  The  higher  qualities  of  metal  are  taken 
by  the  tin-plate  works,  and  a  few  fiimaces  make  cold 
blast  pig  for  founders'  use.  The  following  are  the 
principal  varieties  of  ores : — 

1.  Native  mine,  chiefly  argillaceous  carbonates,  with 
some  blackband. 

2.  Brown  hematites  from  Llantrissant,  Forest  of 
Dean,  Cornwall,  and  Northamptonshire. 

3.  Bed  hematite  from  Cumberland. 

4.  Spathic  ore  from  Somerset3hire. 

Brown  hematite  from  Spain,  and  the  well-known 
specular  ore  of  Elba,  are  also  used  to  a  small  extent, 
being  brought  back  by  colliers  returning  in  ballast. 
In  the  eastern  or  bituminous  coal  district,  the  Aiel  is 
partly  raw  coal  and  partly  coke,  except  in  the  case  of 
cold  blast  furnaces,  where  the  latter  is  exclusively  used. 
Further  westward,  in  the  neighbourhood  of  Swansea,  a 
small  number  of  furnaces  are  worked  with  anthracite. 
The  impurities  in  some  of  the  principal  varieties  are  as 
follow : — 


Sulplmr. 

Ash. 

Anthracite     . 

0*7  per  cent. 

9*14  per  cent. 

Coke,  Blaenafon     . 

.     0-74      „ 

6-35      „ 

„    Pontypool    • 

.     0-76      „ 

1216      „ 

Forge  and  mill  cinders  are  largely  used  in  the  pro- 
duction of  white  iron  for  rails.     The  following  are  a 
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few  of  the  principal  yarieties  of  charges  and  consump- 
tion of  materials  per  ton  of  metal  produced :— - 


Ck>ld  blast  pigs. 

Blaenafon.               Pontypool. 

Argillaceous  ores  (raw) 

•    72^  cwt.  (calcined)    46}  cwt. 

Forest  of  Dean  hematite 

—                   9      „ 

Limestone          •         t 

.    20    „                       24      „ 

Coke 

.    54*  „                        60*    „ 

The  average  weekly  make  at  Blaenafon  is  104|  tons. 
The  fuel  consumed  corresponds  to  between  3  and  4  tons 
of  coal  per  ton  of  iron. 

Truran  gives  the. following  details  of  charges  em- 
ployed at  Dowlais  for  different  makes  of  pig  iron  per 
ton :  they  refer  to  a  period  several  years  back :— 


Quality  of  metal* 

Foundry. 

White 
Forge. 

Common 
Forge. 

Calcined  mine 

48  cwt. 

28  cwt. 

— 

Red  hematite 

■^     ff 

10     „ 

16  cwt. 

Forge  and  refinery  cinders     , 

■""     »> 

10     „ 

25     „ 

Limestone   .         .         .         . 

.     17    „ 

14     „ 

16     „ 

Coal    *          .         .         • 

.     60     „ 

42     „ 

36     „ 

Weekly  make 

.  130  tons 

170  tons 

190  tons 

The  capacity  of  the  fiirnace  is  about  8,500  cubic  feet  : 
the  blast  is  supplied  at  a  pressure  of  3  lbs.  per  square 
inch.  The  estimated  time  of  descent  of  the  charges  is 
from  forty  to  forty-six  hours. 

In  1863,  at  the  same  works,  the  consumption  of  coal 
per  ton  of  mine  pig  made  from  mixtures  in  variable 
proportions  of  argillaceous  ore,  red  and  brown  hematite, 
was  reduced  to  between  24  and  29  cwt.,  the  make  of 
the  furnace  ranging  from  174  to  280  tons,  in  round 
numbers,  per  week.  The  larger  yield,  corresponding 
to  the  smaller  consumption  of  fuel,  was  due  to  the  in- 
creased richness  of  the  charge  from  the  preponderance 
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of  red  ore.  In  the  newer  large  furnaces  producing  white 
iron  the  make  is  often  considerably  higher,  and  ranges 
from  250  to  300  tons  weekly.  They  are  mostly  of  large 
capacity,  but  vary  very  considerably  in  outline.  A 
common  form  is  that  having  a  cylindrical  body  and 
domed  top.  The  use  of  the  ciip-and-cone  charger,  and 
the  economising  of  the  waste  gas  for  steam  and  hot 
blast  purposes,  is  also  very  general. 

In  .the  anthracite  district  the  ftimaces  are  of  com- 
paratively small  volume  and  height,  though  the  newer 
ones  show  a  tendency  to  increase  in  the  latter  direction. 
As  has  already  been  mentioned,  the  use  of  tall  furnaces 
is  attended  with  difficulty,  owing  to  the  decrepitation 
of  the  ftiel,  which  gives  rise  to  a  closely-packed  column 
of  materials,  only  penetrable  by  a  very  dense  blast. 
Probably  Rachette's  pattern  of  furnace  might  be 
applied  with  advantage  in  smelting  with  anthracite. 
The  average  consumption  of  fuel  is  about  44  cwt.  per 
ton  of  pig  iron,  but  in  one  instance  at  Tniscedwin  it 
has  recently  been  brought  down  to  as  low  as  18  cwt. 

The  total  number  of  furnaces  in  blast  in  South  Wales 
in  1865  was  118;  the  average  weekly  make  of  each 
was  133  tons,  not  including  9  anthracite  ftimaces, 
averaging  62  tons  each. 

The  Cleveland  district  is  remarkable  for  the  large 
size  and  height  of  its  furnaces,  which  are  entirely 
worked  with  hard  coke  from  the  south  of  Durham, 
containing  on  an  average  from  0*6  to  0*8  per  cent,  of 
sulphur,  and  from  4J  to  8  per  cent,  of  aish.  The  ore  is 
principally  the  green  argillaceous  carbonate  named 
after  the  district,  whose  composition  has  already  been 
given  at  p.  78.  In  some  instances  red  hematite  is 
used  as  a  mixing  ore,  but  to  a  very  slight  extent.  In 
the  raw  state  the  Cleveland  ore  contains  from  29  to  82 
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per  cent,  of  iron,  which  is  increased  to  40  per  cent,  on 
calcination.  The  following  figures  were  given  by 
Beckton  as  the  average  composition  of  charges  in  1864 
per  ton  of  pig  iron : — 

70  cwt.  Cleveland  stone. 

15     „     limestone. 

26     ,,     coke. 

10     ,,     coal  for  calcining,  heating  blast  and  boilers. 

According  to  J.  L.  Bell  the  pressure  of  blast  used  in 
1863  was  from  3  to  4  lbs.,  and  the  temperature  300^  to 
350®  :  the  average  weekly  make  varied  from  200  to  220 
tons.  At  Con  sett  it  is  from  420  to  450  tons,  and  one 
furnace  at  Norton  has  made  650  tons.  At  Ormesby 
45  tons  have  been  got  at  a  single  cast.* 

The  size  of  the  Cleveland  blast  furnaces  has  increased 
very  rapidly  in  the  last  two  or  three  years.  In  1863 
the  average  height  was  from  42  lo  65  feet,  and  the 
width  of  the  boshes  from  14  to  18  feet;  but  these 
dimensions  are  in  the  newest  furnaces  increased  to 
between  70  and  102  feet  high,  with  a  maximum  width 
of  27  feet.  The  Acklam  furnaces  at  Middlesborough, 
which  are  70  feet  high,  8  feet  in  diameter  at  the 
hearth,  and  22|  feet  at  the  boshes,  with  the  upper  part 
of  the  body  cylindrical,  are  each  capable  of  holding 
1,250  tons  of  materials,  and  make  350  tons  of  pig  iron 
weekly.  In  all  cases  a  notable  saving  of  fuel  has  been 
experienced  by  increasing  the  height  of  the  furnace, 
the  upper  part  of  the  column  of  materials  absorbing 
the  excessive  heat  of  the  waste  gases.  The  lattei*  are 
afterwards  used  for  raising  and  heating  the  blast,  but 
have  not  as  yet  been  applied  to  roasting  the  ores. 

The  average  size  of  Scotch  furnaces  is  stated  at 
16  feet  in  diameter  and  55  feet  in  height,  and  their 

•  See  note  on  the  progressive  increase  of  the  Cleveland  furnaces. 
P-  448. 
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production  from  230  to  270  tons  weekly,  l^ese  figures 
probably  refer  to  tbe  blackband  districts,  as  in  1865 
the  average  of  141  furnaces  in  the  whole  of  Scotland 
did  not  exceed  159  tons  per  week. 

The  largest  furnaces,  considered  in  regard  to  produc- 
tion, are  those  of  the  hematite  districts  of  Lancashire 
and  Cumberland.  The  total  number  in  blast  in  1865 
was  13,  with  an  average  make  of  315  tons  each  per 
week.  At  Barrow-in-Furness,  the  furnaces  (whose 
section  is  given  in  Fig.  6,  p.  142)  are  56  feet  high, 
7  feet  wide  at  the  hearth  bottom,  16|  feet  at  the  boshes, 
and  17^  feet  at  the  throat.  The  volume  is  9,500  cubic 
feet.  According  to  Jordan,  in  1864,  the  following 
materials  were  required  to  make  a  ton  of  pig  iron : — 

Red  hematite  (unroasted)  ,  .  34 — 34i  cwt. 

Coke  from  Durham  .         .  .  18 — 18^^     ,, 

Limestone         .         .         .  .  ^i    m 

Coal  slack  for  stoves  .  .  3      ,, 

The  gases  are  partially  drawn  off  by  a  central  tube 
and  exhausting  fans,  as  described  at  p.  180,  and  are  ex- 
clusively employed  in  firing  boilers.  The  blast  is  sup- 
plied at  a  pressure  of  2^  lbs.  per  square  inch,  and  a 
temperature  of  360^,  through  six  3-inch  twyers,  the 
volume  delivered  per.  minute  being  about  7,000  cubic 
feet.  The  maximum  production  under  these  conditions 
appears  to  be  about  90  tons  per  day.  Ordinarily,  about 
20  tons  are  obtained  at  each  cast,  which  takes  place  at 
intervals  of  six  hours,  giving  a  total  amount  of  80  tons 
daily.  The  iron  made  is  converted  on  the  spot  into 
Bessemer  steel. 

At  Kirkl^ess  Hall,  near  Wigan,  the  same  ores  are 
smelted  under  generally  similar  conditions  to  those  last 
mentioned.     A  pair  of  new  furnaces  recently  erected. 
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but  not  yet  lighted,  are  80  feet  higli  and  20  feet  in 
diameter,  with  closed  tops  and  cup-and-cone  chargers ; 
their  capacity  is  22,000  cubic  feet,  or  about  two  and 
a  half  times  as  great  as  the  Barrow  furnaces.  In 
Cumberland  the  addition  of  a  proportion  of  the  alumi- 
nous ore  of  Belfast  to  the  charge  is  found  to  have  an 
advantageous  effect. 

In  Belgium  the  ores  smelted  ecre  chiefly  red  and 
brown  hematite.  The  former,  a  mixture  of  specular 
and  micaceous  ore,  is  known  as  violet  mine ;  the  latter, 
or  yellow  mine,  is  mostly  ochreous  and  earthy, 
requiring  to  be  subjected  to  the  processes  of  crushing 
and  dressing  before  it  is  fit  for  treatment  in  the 
furnace.  A  variety  of  spathic  ore,  containing  a  con- 
siderable proportion  of  carbonate  of  zinc,  found  at 
Angleur,  near  Liege,  has  the  reputation  of  making  an 
extremely  strong  iron.  A  large  proportion  of  the 
brown  hematite  is  obtained  from  the  oolitic  formations 
in  Luxemburg,  In  1864  the  nimiber  of  furnaces  in 
blast  and  the  total  production  were  as  follow : — 

46  coke  furnaces  produced        .     444,430  tons. 
6  charcoal  furnaces  produced  .         5,545    „ 

corresponding  to  a  weekly  make  of  186  tons  per  furnace 
on  coke,  and  18  tons  on  charcoal :  the  latter  figure  is 
probably  too  low  for  the  period  of  actual  working,  as 
these  furnaces  are  rarely  in  blast  continuously  for  the 
whole  year. 

The  anthracite  furnaces  of  Pennsylvania  are  remark- 
able for  the  high  pressure  (from  6J  to  7^  lbs.  per 
square  inch)  of  blast  employed.  The  ores  are  similar 
to  the  rock  mine  of  Sweden — i.e.,  massive  magnetite 
and  hematite,  yielding  from  50  to  60  per  cent,  of  iron. 
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The  following  are  the  charges  and  produce  of  two 
different  furnaces : — 

Lehigh.  Lackawanna. 

Ore        .         •    42J  cwt.      •         •  SS^^cwt.  (52percent.) 

Limestone      .     29^    ,,        •        •  14^^ 

Coal      .         .     89}    „        .        .  83 

Weekly  make   248  tons  (i  No.  1,  jNo.  2)  268  tons  (all  No.  8). 


>> 


In  the  State  of  Indiana,  the  specular  and  red  hema- 
tite ores  from  Lake  Superior,  Iron  Mountain,  and  Pilot 
Knob,  in  Missouri,  are  smelted  with  the  so-caUed  block 
coal.  This  is  a  free^buming,  non-caking  splint  coal, 
which  is  highly  esteemed  for  iron-smelting  purposes, 
and  is  used  in  the  raw  state.  The  furnaces  are  all  of 
moderate  size,  from  50  to  60  feet  in  height,  from  12  to 
16,  across  the  boshes,  and  6  to  6  feet  in  width  of  hearth. 

At  Brazil  (near  Indianapolis),  the  furnace  charges 
employed  are  as  follows  :— 

1,545  lbs.  mixed  ores  (hematite,  magnetite,  scrap,  and 
mill  cinder. 
475    „    limestone. 
1,800   „    coal. 

The  yield  is  about  68  per  cent.,  the  furnace  being 
tapped  three  times  in  the  twenty-four  hours. 

The  blast  is  heated  by  the  waste  gases  to  a  tempera- 
ture of  370*^  to  450°,  and  is  delivered  under  a  pressure 
of  from  three  to  four  pounds  to  the  square  inch,  through 
seven  twyers,  each  3^  inches  in  diameter. 

The  average  daily  consumption  of  coal  is  70  tons,  of 
ore  45  tons,  and  of  limestone  16  tons;  thje  average 
make  of  pig  iron  being  28  tons.  The  consumption  of 
coal  is  therefore  about  2h  tons  per  ton  of  pig  iron 
made,  or,  reducing  it  to  its  equivalent  in  coke,  about 
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Ij  tons.  The  conditions  of  working,  therefore,  not- 
withstanding the  high  produce  of  the  ores,  are  not 
nearly  so  economical  as  regards  consumption  of  fuel  as 
those  of  the  Lancashire  and  Cumberland  furnaces  smelt- 
ing hematite. 

The  ores  used  at  this  furnace  are  brought  from  very 
great  distances,  the  native  ore  being  more  expensive  in 
proportion  to  its  produce  than  the  richer  hematite  and 
magnetite  of  Missouri  and  Michigan. 

The  estimated  make  of  pig  iron  in  the  United  States 
from  445  furnaces  in  blast,  in  1868,  was  as  follows, 
classified  according  to  the  fuel  employed  : — 

Tons. 
Anthracite  .         •        •        .        893,000 

Coal  and  Coke     •         •         .        146,000 

Charcoal     .         .         •         .        810,000 


1,849,000 


At  Newark,  in  New  Jersey,  spiegeleisen  is  made 
from  the  residues  obtained  in  the  treatment  of  the 
mixed  zinc  and  iron  ores  of  Franklin,  in  the  same  State. 
The  ore  is  an  intimate  mixture  of  franklinite  and  red 
zinc  ore,  with  a  massive  green  variety  of  willemite  or 
silicate  of  zinc ;  it  occurs  in  crystalline  limestone,  form- 
ing an  irregular  bed,  which  in  places  is  52  feet  thick,  the 
different  minerals  being  very  intimately  mixed.  A  mix- 
ture of  finely-crushed  ore,  with  lime  and  anthracite,  is 
heated  in  an  oven-shaped  calciner,  having  a  cast-iron 
bed,  perforated  with  numerous  narrow  slits,  through 
which  air  is  blown  by  a  fan  in  sufficient  quantity  to 
bum  the  coal  and  oxidise  the  zinc  vapour  as  it  forms. 
The  oxide  of  zinc  produced  in  this  process  passes 
through  a  long  series  of  condensing  tubes  and  cooling 
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chambers,  the  current  being  kept  up  by  exhausting 
fans,  until  it  is  sufficiently  cooled  to  be  collected  in 
bags  made  of  cotton  cloth.  The  residue  remaining  in 
the  furnace  after  the  removal  of  the  zinc  is  a  black 
cindery  mass,  containing  the  whole  of  the  iron  and  man- 
ganese of  the  franklinite  and  the  silica  of  the  willemite, 
besides  some  undecomposed  zinc  oxide  ;  it  is  estimated 
to  contain  25  per  cent,  of  iron,  and  4  per  cent,  of  zinc, 
an^  is  smelted  for  spiegeleisen.  The  furnaces  employed 
are  Very  small,  being  only  20  feet  high,  and  7  feet  across 
the  boshes ;  the  hot  blast  is  of  about  200°  temperature, 
and  a  pressure  of  four  pounds  is  used.  The  fuel  used 
is  anthracite,  and  some  limestone  is  added  as  a  flux. 
Four  blank  charges  of  clean  slags  are  made  in  every 
twenty-four,  to  prevent  scaffolding.  Great  difficulty 
is  experienced  in  working  the  furnaces,  owing  to  the 
large  amount  of  zinc  remaining  in  the  ore,  which 
deposits  in  the  gas  flues  at  the  throat,  and  necessitates 
the  use  of  an  elaborate  system  of  wrought-iron .  con- 
densers for  separating  the  oxide  of  zinc  from  the  gases, 
before  they  can  be  burnt  in  the  hot-blast  stoves  and 
steam  boilers.  The  oxide  of  zinc  obtained  in  cleaning 
out  the  condenser,  being  too  much  discoloured  to  use  as 
paint,  is  sent  to  the  spelter  furnaces  for  reduction,  and 
makes  a  very  high  quality  of  zinc.  The  consumption 
of  fuel  is  very  high,  being  at  the  rate  of  3^  tons  per  ton 
of  iron.  The  weekly  make  of  the  furnace  is  about  26 
tons.  When  making  spiegeleisen,  the  slags  are  of  the 
usual  bright  green  colour  characteristic  of  manganese ; 
but  when  the  furnace  is  too  heavily  burdene4,  and 
produces  No.  2  iron  corresponding  to  the  German 
weisstrahligy  thei  colour  changes  to  a  deep  brown.  Owing 
to  the  large  relative  proportion  of  manganese  to  iron  in 
the  Residues,  the  spiegeleisen  produced  is  very  rich  in 
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manganese,  and  at  times  is  said  to  contain  as  much  as 
19  per  cent. 

The  estimated  production  of  pig  iron  in  the  principal 
iron-making  countries  of  the  world  is  as  follows : — 

Tons. 
In  the  United  Kingdom,  1869 

France,  1869    . 
♦Noi-th  Germany,  1869 
♦United  States,  1869  . 

Belgium   .         • 
*Ru8sia      .         • 

Austria     . 

Sweden  and  Norway 
*Italy 
*SpaiQ        .         •         • 

Quantities  marked  *  are  estimated. 

The  following  is  a  more  detailed  list  of  the  produc- 
tion of  pig  iron  from  the  mineral  statistics  for  1869, 
showing  the  comparative  importance  of  the  different 
iron-making  centres : — 

Districts. 
Northumberland  and  Durham 

Cleveland  (N.  Biding  of  Yorkshire) 

West  Biding  of  Yorkshire    . 

Cumberland  and  Lancashire 

North  Staffordshire     . 

South  Staffordshire     . 

Shropshire  (Colebrookdale) 

Derbyshire 

Lincolnshire 

Northamptonshire 

Wilts,  Gloucester,  Somerset 

North  Wales 

South  Wales 

Scotland    .        •        • 

596  5,445,757 


Furnaces. 

Tons. 

.       41     . 

674,448 

51     . 

766,410 

28     . 

105,765 

86     . 

565,769 

27     . 

218,918 

95     . 

569,562 

.       28     . 

197,448 

.       81     , 

188,858 

5     . 

88,786 

7     . 

41,500 

.       11     . 

81,806 

6     . 

88,580 

.     112     • 

800,972 

.     128     . 

1,150,000 
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CHAPTER  X. 

OF   THE   CONSUMPTION   OF   FUEL   AND   DISTRIBUTION    OF 
HEAT   IN   THE    BLAST   FURNACE. 

The  theoretical  distribution  of  the  heat  given  out  by 
the  fuel  in  the  blast  furnace  is  found  by  comparing  the 
sensible  temperature  and  weight  of  the  matters  dis- 
charged, multiplied  by  their  specific  calorific  capaci- 
ties, with  the  heat  produced  by  the  combustion  of  the 
fuel  and  from  other  sources,  according  to  the  known 
laws  of  heat.  The  following  example  of  a  calculation 
of  this  kind,  made  on  a  French  furnace,  and  exhibiting 
the  results  in  the  form  of  a  debtor  and  creditor  account, 
is  taken  from  an  excellent  treatise  by  De  Vathaire, 
recently  published  ("Etudes  sur  les  Hants  Foumeaux," 
chap.  vi.  72). 

I.  Calculation  of  the  Quantity  of  Seat  absorbed  in  the 
different  Operations  of  the  Blast  Furnace, 

The  carbon  burnt  in  the  furnace  is  employed  for  three 
different  purposes.     These  are : — 

1.  Heating  of  fixed  and  volatile  matters. 

2.  Reduction  of  metallic  oxides. 

3.  Restitution  of  heat  absorbed  during  the  re- 
duction. 

Let  us  select  as  an  example  a  ftimace  working  upon 
grey  iron  (No.  3),  whose  charges  yield  40  per  cent,  of 
pig  iron,  with  a  consumption  of  coke  14  per  cent,  of 
ash,  at  the  rat^  of  1,350  kilogrs.  per  ton  (1,000  kilogrs.) 
of  pig  iron ;  the  blast  being  heated  to  300°. 

The  mean  composition  of  the  charge,  including  the 
ash  of  the  fuel,  is  as  follows : — 
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Peroxide  of  iron  1,344  equal  to  9&0  iron,  or  1,000  cast  iron. 

Silica        .         .  256  \ 

Lime        .         .  266  (      „      649  of  slag. 

Alumina  .         .  127 ) 

Carbonic  acid    .  257 

Water       .         .  250 


2,500  kilogrs.  weight  of  charge  per  ton  of 
metal. 

Quantity  of  Heat  carried  out  of  the  Furnace  by  the 
liquid  Products.  The  number  of  units  of  heat  con- 
tained in  tlie  products  of  fiision  was  found,  by  the 
calorimetric  method  of  melting  ice,  to  be— 

330  per  kilogr.  of  grey  cast  iron,  and 
550       „         „      Blag. 

The  total  quantity  absorbed,  therefore,  per  1,000  kilogrs. 
of  metal  and  643  kilogrs.  of  slag,  is 

1,000  X  330  =  330,000  units  of  heat. 
649  X  550  =:  354,750       „         „ 


Making.together  684,750       „         „ 

Quantity  of  Heat  carried  off  by  the  Waste  Oases, 
Out  of  the  total  amoimt  of  1,360  kilogrs.  of  coke,  50 
are  taken  up  by  the  iron,  and  the  remaining  1,300 
(representing  1,118  of  ptire  carbon)  is  volatilised,  and 
passes  out  at  the  throat.  To  this  must  be  added  70*1 
kilogrs.  derived  from  the  carbonic  acid  of  the  flux, 
maVhig  a  total  of  1,168  kilogrs.  of  carbon  volatilised 
per  ton  of  pig  iron. 

The  composition  of  the  waste  gases  by  weight  wa3 
found  to  be  as  follows : — 
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Garbonio  acid  12*80  contaming    8*491  corboo, 

Garbonio  oxide  25*53        „  12*215       „ 

Hydrogen       .      007  

Nitrogen         .  61*60  15*706       „ 

100*00 

The  amoimt  of  carbon  in  the  gases  being  15*707  per 
cent.,  the  above  quantity  of  1,188  kilogrs.  represents  a 
total  of  7,556  kilogrs.,  which,  being  discharged  at  a 
mean  temperature  of  200^,  carry  with  them  the  follow- 
ing amounts  of  heat.  This  temperature  is  considerably 
lower  than  that  usually  observed  in  English  close- 
topped  furnaces.  At  Clarence,  in  Durham,  Bell  found 
it  to  be  between  500^  and  600°. 

Txr^^i^f^      Specific    Sensible  Total  imiti 

weignt.       ^^         j^^^  of  heat. 

Carbonic  and  .     1280  x  0*221  X  200  x  -JqJj-  =    42-810 

Carbonic  oxide     25*53  X  0*288  X  do.  x  do.  =  111*270 

Hydrogen        .         -07  X  0*903  x  do.  x  do.  =  *958 

Nitrogen.         .     61*60  x  0*276  X  do.  X  do.  =  256*370 

Water    .     250  kilogrs.  x  I'OO  x  750  =  187*600 

598*908 

The  quantity  750  in  the  last  line  is  made  up  of  the  sen- 
sible heat,  200  plus  550,  rendered  latent  by  conversion 
of  the  water  into  steam. 

Quantity  of  Heat  absorbed  in  the  Reduction  of  Oxides 
of  Iron,  The  amount  of  carbon  required  for  the  reduc- 
tion of  an  iron  ore  is  proportional  to  the  number  of 
equivalents  of  oxygen  contained,  or  taking  into  account 
the  difference  of  atomic  weights,  is  equal  to  three- 
quarters  of  the  total  weight  of  oxygen,  the. equivalents 
of  carbon  and  oxygen  being  to  each  other  as  6  to  8 
Therefore— 
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Protoxide  of  iron  cntg.  77*78  iron  and  22 -22  oxygen  requires  214*2  oarbon 
Magnetic  oxide     „      72*41      „       27*69        ,,  „       285*6     i> 

Peroxide.        .     „      70*00      „       3000        ,,  „     321*75    ,, 

per  ton  of  iron  reduced. 

The  reduction  of  the  oxide  in  the  furnace  is  entirely 
performed  by  carbonic  oxide ;  but  as  the  carbonic  acid 
80  produced  is,  by  the  secondary  action  of  ignited  car- 
bon, immediately  re-oonverted  into  carbonic  oxide,  the 
result  is  much  the  same  as  if  it  had  been  effected 
directly  by  solid  carbon,  as  it  is  only  near  the  top  of 
the  furnace,  where  the  temperature  is  comparatively 
low  and  the  current  rapid,  that  any  carbonic  acid  can 
exist  as  such. 

The  production  of  carbonic  oxide  by  the  action  of 
carbon  upon  oxide  of  iron  is  attended  with  a  consider- 
able absorption  of  heat.  Iron,  when  burnt  in  oxygen, 
evolves  6,216  units  of  heat  for  each  litre  of  oxygen 
consumed  (1-436  grammes).  The  inverse  phenomenon  of 
reduction,  therefore,  readers  the  same  amount  of  heat 
latent.  But  1  litre  of  oxygen  (1*436  grs.),  combining 
with  1  litre  of  carbon  vapour  (1*677  grs.)  to  form  two 
litres  of  carbonic  oxide,  only  gives  out  1,598  units  of 
heat,  which,  deducted  from  the  6,216  rendered  latent, 
leaves  4,618  as  representing  the  cooling  effect  produced 
for  each  litre  of  oxygen  displaced  from  the  iron^  and 
converted  into  carbonic  oxide  by  a  consumption  of 
1*077  grs.  of  carbon. 

The  consumption  of  carbon  per  ton  of  iron  reduced, 
and  the  heat  absorbed,  is  therefore  with 

Kilogn. 
Peroxide  of  iron    .     321*75  of  oarbon  and  1,368,550  units  of  heat. 
Magnetic  oxide     *    285*^        „        „        1,270,227      ,•  » 

Protoxide  of  iron  .    214*2        „        „  870,704      „         „ 

In  order  to  simplify  the    calculation^   the  amount  of 

M  2 
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heat  given  out  on  combustion  by  the  carbon  employed 
in  reduction  will  be  for  the  moment  neglected,  and 
only  the  absorption  of  heat  by  the  separation  of  the 
iron  and  oxygen  brought  into  account.  This  is  for  the 
different  oxides  as  follows : — 

Oxide*.  Kilogn.  Units.  KilogvB.  Units.  Kilogn.        Units. 

FeK)s    1»000  1,298,610  1,429  1,865,700  1,844  1,744,868 

Fe*0«        „  1,194,300  1,381  1,649,300  1,282  1,650,342 

FeO         „  961,840  1,285  1,236,000  1,208  1,161,840 

The  third  column  in  the  above  table  shows  the  quan- 
tity of  heat  absorbed  in  the  reduction  of  a  ton  of  each 
oxide;  the  fifths  the  amount  corresponding  to  the 
quantities  of  each  oxide  required  to  make  a  ton  of  iron  ; 
in  the  seventh,  a  similar  series  of  quantities  calculated 
to  the  ton  of  pig  iron,  supposing  it  contains  94  per  cent, 
of  iron  and  6  of  foreign  matters. 

Heat  absorbed  by  the  Reduction  of  Vapour  of  Water. 
The  hydrogen  contained  in  the  gases  of  the  furnace 
is  derived  from  the  decomposition  of  steam  introduced 
with  the  blast.  The  quantity,  '07  per  cent,  corresponds  to 
47,666  kilogrs.  of  steam  per  ton  of  metal  produced,  or 
•00786  of  the  weight  of  the  air  injected,  a  result  corre- 
sponding fairly  with  the  hygrometrical  condition  of  the 
atmosphere  at  the  time.  The  amount  of  heat  absorbed 
by  the  separation  of  4*596  kilogrs.  of  hydrogen  per  ton 
of  metal  ii 


4-596  X  34,742  =  159,681  units  of  heat: 

34,742  being  the  calorific  power  of  hydrogen  burning 

to  water. 

II.  Calculation  of  Heat  developed  in  the  Furnace.  This 

is  derived  from  two  principal  sources,  namely, — 
1.  Heat  produced  by  the  combustion  of  fuel ;  and, 
3.  Heat  brought  into  the  furnace  by  tiie  hot  blast;. 
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The  heat  produced  by  the  combuBtion  of  1,118  kilogrs. 
of  carbon  is  made  up  of  two  quantities,  part  being 
derived  from  the  formation  of  carbonic  acid,  while  the 
remainder  results  from  the  imperfect  combustion  of  the 
larger  portion  of  the  fuel  to  carbonic  oxide. 

In  addition  to  the  above  quantity  of  1,118  kilogrs., 
70  kilogrs.  of  carbon  contained  in  the  gases  are  derived 
from  the  carbonates  of  the  charge,  making  a  total  of 
1,188  kilogrs.,  distributed  as  follows  in  the  gases : — 

As  carbonic  acid    3*491  per  cent,  or  in  1 , 1 88  kilogrs.  264  kilog^.  carbon. 
„  carbonio'oxide  12*216  ,,  „  924  „ 


16,707  1,188 

From  this  amoimt,  however,  must  be  deducted  the  70 
kilogrs.  contained  in  the  carbonic  acid  of  the  carbonates 
which  has  been  volatilised  as  such,  and  is  not  derived 
from  combustion  of  carbon  in  the  furnace.  The  total 
amount  disposable  for  heating  purposes  therefore  be- 
comes— 

194  kilogrs.  burnt  to  carbonic  acid. 
924  „  carbonic  oxide. 

Multiplying  these  by  their  respective  calorific  powers, 
we  obtain — 

194  X  7,170  =  1,390,980 
924  X  1,386  =  1,280,664 


2,671,644  units  of  heat 

a«  the  total  amount  of  heat  given  out  by  the  fuel 
under  the  conditions  of  the  experiment. 

HecU  introduced  by  the  Blast  The  quantity  of  air 
blown  into  th.e  furnace  is  to  be  calculated  from  the  pro- 
portion of  nitrogen  found  in  the  waste  gases. 

The  amount  of  nitrogen  in  the  gases  is  found  to  \» 
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61*6  per  cent.,  air  containing  769  per  cent.  The 
amount  corresponding  to  7,556  kilogrs.  of  gases  evolyed 
in  the  production  of  a  ton  of  metal  is  therefore-— 

7,556  X  0-616       ^^^^^,.,  -   . 
5:769 =  6060'6  kilogrs.  of  air. 

Supposing  this  to  be  heated  to  the  temperature  of  300^. 
the  extra  amount  of  heat  from  this  source,  the  calorific 
capacity  of  air  being  0*2669,  is — 

6060-6  X  0-2669  X  300  =  485,272  units  of  heat. 

The  small  amount  of  hydrogen  contained  in  the  gases 
is  derived  from  the  decomposition  of  steam  contained 
in  the  air  by  ignited  carbon.  As  the  amount  of  heat 
absorbed  in  this  decomposition  has  been  deducted,  the 
quantity  brought  in  by  the  heated  water  vapour  must 
be  taken  into  account  as  follows : — 

5-2962  kilogrs.  of  hydrogen  contained  in  the  gases  corre- 
spond to  47,666  kilogrs.  of  water,  containing  300^  of  sensible 
and  550®  of  latent  heat ;  or,  in  all, 

47,666  X  (300  +  550)  r=  41,506  units  of  heat ; 
which,  when  added  to  485,272      „         „ 


gives  a  total  of  526,778       „         „ 
as  the  contribution  of  the   hot  blast  to   the  heat  of  the 
furnace ; 

or  about  20  per  cent,  of  the  whole  amount  of  heat  ex- 
pended, a  theoretical  determination  which  fairly  corre- 
sponds with  the  saving  of  20  to  30  per  cent,  of  fuel, 
obtained  in  practice  by  the  use  of  hot  blast. 

On  comparing  the  two  sides  of  the  account,  we  obtain 
the  following  balance  sheet  of  heat  developed  and  ex- 
pended ppr  ton  of  metal. 
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Ca.  Causbb  of  Absobptioh  or  Hsat. 

Unite. 
Heat  carried  out  of  furnace  by  1,000  Idlog.  of  molten  metal     330,00C 
„  „  649       ,,  ,,        slag.     364,760 

„  J,  „  the  waste  gases .  .     698,908 

„    rendered  latent  by  reduction  of  1,343  Idlog.  of  peroxide 

of  iron  .  1,744,368 
^  n  >,  4,696      „      hydrogen     169,681 


Total  amount  of  heat  expended       .        .        .  3,187,697 

Bk.  Sources  of  Heat. 

Heat  given  out  by  oombustion  of  carbon  .  .2,671,644 

„    introduced  by  the  hot  blast  air     .....     626,778 


Total  amount  of  heat  employed       .        .        .  3,198,422 

leaving  a  balance  of  10,725  units  unaccounted  for — 
a  quantity  far  within  the  probable  limits  of  error  in  the 
computation.  A  few  minor  sources  and  causes  of  ab- 
sorption of  heat  have  been  neglectedi  from  the  want  of 
numerical  data  for  their  calculation.     These  are : — 

1.  Heat  absorbed  by  the  reduction  of  silica,  the 
calorific  power  of  silicon  being  undetermined.  If  it  be 
the  same  or  nearly  that  of  carbon,  the  reduction  of  from 
15  to  20  kilogrs.  of  silicon  per  ton  of  metal  will  require 
from  100,000  to  150,000  units  of  heat. 

2.  Latent  heat  of  volatilisation  of  carbonic  acid  upon 
the  decomposition  of  the  carbonates.  This  is  probably 
trifling  in  amount,  judging  from  the  small  quantity  of 
fuel  consumed  in  lime-burning. 

3.  The  cooling  caused  by  the  dilatation  of  the  blast, 
from  the  pressure  of  9  or  10  centimetres  of  mercury  to 
that  of  the  atmosphere. 

A  source  of  heat  not  taken  into  account  is  that  given 
out  by  the  combination  of  silica  with  earthy  bases  in 
the  formation  of  the  slag. 

Supposing  now  the  blast  to  be  heated  to  600^  instead 
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of  300^,  the  total  available  amount  of  heat  becomes 
3,725,220 — an  increase  of  about  16  per  cent,  on  the 
former  quantity.  A  saying  of  from  17  to  18  per  cent, 
of  fuel  was  e£Fected  by  the  introduction  of  Cowper's 
stovesy  producing  a  similar  increase  of  tempcFature. 
If,  therefore,  the  products  of  combustion  remained  un- 
altered, the  saving  of  fuel  would  appear  to  be  directly 
proportional  to  the  extra  heat  introduced  by  the  blast ; 
but  this  is  by  no  means  certain,  and  it  is  probable  that 
a  part  of  the  economy  is  due  to  more  perfect  combus- 
tion. The  heating  up  the  large  quantity  of  inert  nitro- 
gen, which  in  weight  considerably  exceeds  the  whole 
amount  of  solid  materials,  fuel  and  fluxes  taken  to- 
gether, before  introducing  it  into  the  furnace,  must  ob- 
viously prevent  a  great  waste  of  heat  in  the  hearth ;  and 
this  saving  would  be  proportionately  greater  the  less  per- 
fect the  combustion  and  the  smaller  the  amount  of  heat 
developed  by  the  fuel,  supposing  the  temperature  of  the 
blast  to  be  constaut 

In  the  particular  case  before  us,  it  will  be  seen  that 
only  about  17  per  cent,  of  the  whole  quantity  of  tael 
burnt  is  converted  into  carbonic  acid,  with  the  product 
of  a  maximum  of  heat,  the  remaining  83  per  cent, 
giving  rise  to  less  than  one-half  of  the  total  amount 
evolved.  Supposing  the  combustion  to  have  been  com- 
plete, 8,016,060  units  would  have  been  evolved,  so  that, 
by  the  imperfect  combustion,  two-thirds  of  the  total 
heating  power  of  the  fuel  is  undeveloped. 

The  production  of  carbonic  oxide  in  considerable 
quantity  is,  however,  a  necessary  condition  to  the  proper 
working  of  the  furnace ;  the  entire  conversion  of  the 
fuel  into  carbonic  acid  could  not  be  allowed,  even  were 
it  possible,  as  the  maintenance  of  a  reducing  atmoephej*e 
is  of  primary  importance.   The  utmost  that  can  be  done 
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is  to  increase  the  relative  amount  of  carbonic  acid  by 
the  use  of  compact  Aiel  in  large  masses,  a  fine  state  of 
division  being  favourable  to  the  production  of  carbonic 
oxide,  on  account  of  the  larger  surface  and  increased 
resistance  offered  to  the  passage  of  the  gas. 

The  effective  heating  power  of  the  gases  may  be 
computed  from  the  wialyses  given  above.  The  calorific 
power  of  carbonic  oxide  being  2,478  units,  and  of 
"hydrogen  34,742  units  per  kilogramme,  the  total  amount 
obtainable  from  the  gases  evolved,  per  ton  of  coke  burnt 
in  the  furnace,  is  3,808,492  units  of  heat,  or  as  much  as 
would  be  produced  from  the  combustion  of  616  kilogrs. 
of  coke.  It  therefore  appears  that  61  per  cent,  of  the 
fuel  charged  in  the  furnace  remains  available  in  the 


If  now  the  consumption  of  coke  be  30  tons  per  day, 
the  gases,  if  applied  to  steam  boilers,  will  by  their 
combustion  raise  steam  for  an  engine  of  257  horse 
power.  As,  however,  not  more  than  80  horse  power  is 
required  for  working  the  blast  engine,  there  will  evi- 
dently be  a  sufficiency  remaining  for  heating  the  stoves 
and  other  accessory  operations. 

Composition  of  the  Oases  of  the  Furnace  at  different 
Heights,  This  subject  has  been  investigated  at  different 
times  by  Bunsen,  Ebebnen,  Scheerer,  Playfair,  Binman, 
Tunner,  and  others,  both  in  coke,  charcoal,  and  coal- 
fed  furnaces.  The  results  arrived  at  are  generally 
similar,  allowance  being  made  in  the  first  instance  for 
the  products  of  distillation  where  raw  mineral  fuel  ores 
or  fluxes  are  used.  The  ultimate  products  include  the 
whole  of  the  carbon  contained  in  the  fuel,  less  the 
amount  required  for  carburising  the  metal  produced,  as 
carbonic  oxide  and  carbonic  acid  in  combination,  with 
the  oxygen  of  the  air  blown  in  at  the  twyers,  and  that 
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set  free  by  the  reduction  of  the  ores,  the  nitrogen  of 
the  air,  and  small  quantities  of  hydrogen  and  hydro- 
carbons, arising  from  the  decomposition  of  water  vapour 
introduced  by  the  blast. 

Analyses  of  Waste  Gases  from  the  Tops  of  Blast 

Ftjrnaces. 


PBRCENTAOB  BY  YOLUMB. 

I. 

IL 

ill. 

Vf, 

Nitrogen      .        #        •        . 

55-35 

55-62 

57-79 

6706 

Caxbonic  add 

7-77 

12-59 

12-88 

11-39 

Gaxbonic  oride 

25-97 

25-24 

£3-51 

28-61 

Marsh  gas    .... 

3-75 

.— 

0*20 

Olefiant  gas  .... 

0-43 

— 

— 

Hydrogen     .        .        .        « 

6-73 

6-55 

5-82 

2-74 

Kg.     I.  Alfreton,  Derbyshire,   charge  containing  calcined  argilla- 
ceous ore,  limestone  flux,  and  raw  coal. 
IL  Audinconrty    France,    charge   containing  brown  hematite 
and  fo^^  cinders,  limestone  flux,  wood,  and  charcoal, 
m.  Glerval,  France,  charge  containing  brown  hematite,  lime- 
stone, and  charcoal. 
lY.  Seraing,  Belgium,  charge  containing  brown  hematite,  null 
cinders,  limestone,  and  coke. 


ty 


)) 


l» 


It  will  be  seen  that  the  principal  component  of  these 
gases  is  nitrogen,  which  is  brought  in  by  the  blast,  and 
passes  through  the  column  of  materials  without  taking 
part  in  the  chemical  changes  involved  in  the  reduction 
of  the  ore  and  the  combustion  of  the  fuel.  The  propor- 
tion is,  however,  considerably  less  than  in  atmospheric 
air,  and  as  practically  none  is  absorbed,  it  follows  that 
the  considerable  increase  observed  in  the  amount  of 
oxygen — ^£rom  12  to  18  per  cent,  in  volume — ^must  be 
derived  from  the  solid  materials  of  the  charge.  The 
principal  source  of  this  increase  is  to  be  found  in 
the  decomposition  of  the  oxides  of  iron  in  the  ore, 
while  a  further  but  much  smaller  quantity  may  be 
derived  from  the  reduction  of  silica  to  silicon  in  hot 
blast  furnaces  working  on  quartzose  ores.     The  pro- 
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portion  of  carbonic  acid  to  carbonic  oxide  diminislies 
progressively  inthe  gases  taken  at  lower  levels,  until, 
in  the  upper  part  of  the  beartH,  they  are  found  to 
consist  almost  entirely  of  nitrogen  and  carbonic 
oxide. 

According  to  Tunner,  the  temperature  prevailing  in 
the  Styrian  furnaces  at  a  point  about  3  inches  above 
the  twyer  level  was  only  1,450^  when  making  white 
iron,  and  1,760^  with  grey  iron.  At  the  twyers 
wrought  iron  melted  easily,  but  not  platinum,  bo 
that  the  temperature  was  assumed  as  being  higher 
than  1,900^,  and  less  than  2,600^,  or  about  2,200^. 

The  furnace  at  Eisenerz,  upon  which  these  experi- 
ments were  made,  the  zone  of  maximum  temperature 
was  approximately  spheroidal,  extending  inwards  and 
upwards  for  about  6  or  7  inches  in  front  of  each  twyer. 
It  is  only  within  these  small  spaces  that  carbonic  acid 
is  produced  by  the  complete  combustion  of  the  fuel. 
The  amount  of  carbonic  oxide  evolved  by  combustion 
is  greatest  with  light,  easily  combustible  fuel,  such  as 
soft-wood  charcoal,  and  a  low  temperature  and  pressure 
of  blast.  In  the  same  way  the  transformation  of  car- 
bonic acid  into  carbonic  oxide  is  more  readily  effected 
under  similar  conditions  than  with  harder  fuel,  such  as 
coke  or  anthracite.  In  charcoal  furnaces,  therefore, 
carbonic  oxide  prevails  even  at  the  lowest  level,  while 
at  a  very  small  height  above  the  twyer  carbonic  acid 
is  almost  entirely  absent.  Higher  up  the  quantity  of 
the  latter  gas  increases,  because  in  the  less  highly 
heated  parts  of  the  furnace  the  oxidation  of  carbonic 
oxide  by  the  oxygen  of  the  ore  goes  on  more  energeti- 
cally than  the  converse  reduction  of  carbonic  acid  to 
carbonic  oxide  by  carbon.  The  temperature  at  which 
the  reduction  of  the  ore  commences  id,  in  the  case  of 
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spathic  ores,  stated  to  be  from  600°  to  700°.  Beduction 
and  carburisation  of  the  metal  are  more  easily  effected, 
and  with  a  less  consumption  of  fttel^  when  charcoal  is 
used  than  is  the  case  with  coke,  as,  although  with  the 
latter  a  more  intense  heat  may  be  obtained  in  the  lower 
part  of  the  furnace,  the  production  of  reducing  gases 
will  be  diminished ;  for  the  more  compact  the  fuel,  and 
the  denser  and  hotter  the  blast,  the  greater  will  be  the 
amount  of  carbonic  acid  produced  at  the  twyers,  and 
consequently  the  higher  the  temperature  in  the  hearth. 
But  as  the  carbonic  acid  so  produced  is  less  easily  con- 
verted into  carbonic  oxide  by  coke  than  by  charcoal^ 
there  is  likely  to  be  a  smaller  production  of  reducijig 
gases. 

The  manufacture  of  pig  iron,  therefore,  is  attended 
with  a  larger  expenditure  of  fuel  when  coke  is  used 
than  is  the  case  with  charcoal,  but  when  only  heat  is 
involved,  as  in  remelting  pig  iron  for  founding,  the 
same  weight  of  iron  can  be  melted  with  a  smaller 
weight  of  coke  than  of  charcoal. 

In  furnaces  worked  with  raw  coal,  the  gases,  in  ad- 
dition to  the  products  of  combustion,  contain  small 
quantities  of  condensible  vapours,  especially  tarry 
matters  and  ammonia,  which  it  has  been  proposed  to 
collect  and  utilise  in  a  similar  manner  to  the  waste 
products  of  gas  works.  Bunsen  and  Playfair  suggested 
that  the  ammonia  might  be  collected  as  sal-ammoniac 
by  passing  the  gases  through  a  chamber  containing 
hydrochloric  acid.  More  recently  D.  Price  has  proposed 
the  injection  of  finely-divided  water  into  the  main  gaff 
conduit,  as  well  as  the  use  of  hydraulic  mains,  such  as 
are  employed  in  gas  works  for  the  same  purpose. 

The  gases  of  blast  furnaces  usually  carry  over  a  con- 
siderable quantity  of  finely-divided  solid  matter  in  the 
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form  of  dust,  which  deposits  in  the  throat  flues  and  gas 
cnlyerts,  and  requires  to  be  removed  from  time  to  time. 
The  following  is  the  composition  of  the  dust  from 
two  different  localities : — 


Silica 

Dowlaifl,  South 
Wales  (Kiley). 

.  30*33     . 

Clarence,  (  leve- 
land  (Bell). 

.  34*82 

Alumina     . 

.     8-43     . 

.   16-00 

Peroxide  of  iron  . 

.  47*05     . 

.     8-20 

Peroxide  of  manganese      1*77     . 
Lime.         .         .         .     2*30     . 

.  1215 

llagnesia    . 
Protoxide  of  zinc 

.     1*13     . 

.     0-57 
.     4-60 

Potash 

.     1-80     . 

.     0*40 

Soda  . 

.     0-36     . 

.     6-85 

Water 

.     0-93     . 

.     5-60 

Sulphate  of  lime . 
Phosphate  of  lime 

.     4*42       Sulp 
.     0-75           CI 

huric 
ilorin 

acid       8-80 
e             1-56 

99-27 


99*55 


At  the  Concordia  furnace,  near  Aix-la-Chapelle,  where 
brown  iron  ores  containing  a  considerable  quantity  of 
oxide  of  zinc  are  smelted,  the  gases  are  simply  washed 
by  passing  them  through  a  pipe  of  large  section,  kept 
about  haK  filled  with  water,  by  which  means  a  portion 
of  the  zinc  fume  is  deposited;  sufficient  is,  however, 
kept  in  suspension  to  render  it  necessary  to  clear  out 
all  the  flues  at  very  short  intervals.  When  the  main 
gas  pipe  at  the  throat  is  obstructed,  the  furnace  is 
allowed  to  go  down  until  the  top  of  the  column  of 
materials  is  about  9  feet  below  the  charging  plate.  The 
surface  is  then  cooled  with  water  and  covered  with  iron 
plates,  forming  a  platform  for  the  workmen  who  are 
employed  in  clearing  out  the  deposit.  The  oxide  of  zino 
recovered  is  sold  to  the  neighbouring  zinc  works. 
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The  presence  of  dust  in  the  waste  gases  interferes 
considerably  with  their  nse  as  a  fuel  in  certain  cases. 
Thus  in  the  earlier  application  of  Siemen's  regenerator 
to  hot  blast  stoves,  it  was  found  that  the  apertures  be- 
tween the  bricks  became  rapidly  choked  when  the 
heating  was  effected  by  means  of  blast  furnace  gases. 
Cowper's  method  of  removing  the  dust  consists  in 
interposing  a  chamber  of  large  area  between  the 
furnace  top  and  the  place  where  the  gases  are  to  be 
burnt,  containing  numerous  shallow  trays  of  wrought 
iron  fixed  at  short  vertical  distances  from  each  other 
by  means  of  appropriate  pillars.  The  velocity  of  the 
gas  passing  through  the  chamber  is  sufficiently  reduced 
to  allow  the  deposit  of  the  suspended  dust  in  the  trays, 
which  are  placed  with  a  slight  inclination  forward,  so 
that  they  may  be  cleaned  by  washing  through  with  a 
jet  of  water  when  necessary. 


CHAPTER  XI. 

VARIETIES  AND   COMPOSITION   OF   PIG   IRON. 

The  produce  of  the  blast  furnace  is  divisible  into  seve- 
ral different  qualities,  which,  for  practical  purposes,  are 
determined  by  the  appearances  presented  by  a  freshly- 
fractured  surface,  a  certain  number  of  pigs  taken  from 
each  cast  being  broken  for  the  purpose.  The  nimierous 
gradations  in  the  scale  are  mainly  dependent  upon  colour 
or  degree  of  greyness,  texture  or  size,  of  the  crystalline 
plates,  and  their  uniformity  and  lustre.  The  largest- 
grained  brilliant  and  graphitic  dark  grey  meteJ  is 
known  as  No.  1  pig,  while  the  smaller-grained  va- 
rieties with  diminishing  lustre  and  colour  are  dis- 
tinguished by  the  higher  numbers  as  far  as  No.  4. 
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Beyond  this  point,  when  the  metal  ceases  to  be  grey, 
the  numerical  scale  is  not  used,  the  remaining  quali- 
ties being  known  as  mottled,  with  a  further  division  in 
some  instances  into  weak  and  strong  mottled,  and 
white,  the  last  being  the  lowest.  This  classification  is 
subjected  to  slight  variations  in  different  districts,  as  in 
the  following  examples  of  scales  used  in  differents  parts 
of  England : — 

Cleveland  ....  Noa.  1.2.3.4.4  Forge.  Mottled.  White. 
Lancashire  hematite       „     1  .  2  .  3  .  4  .  V.  Mottled.    White* 

The  grey  nimibers  as  far  as  No.  3  are  also  called 
foundry  or  melting  pigs,  the  lower  qualities,  which  are 
only  adapted  for  conversion  into  malleable  iron,  coming 
into  the  class  of  forge  pigs.  In  Lancashire  and  Cum- 
berland two  extra  classes  are  made,  known  as  Bessemer 
iron  Nos.  1  and  2.  These  command  higher  prices  than 
the  same  numbers  in  the  ordinary  scale. 

The  relative  greyness  or  whiteness  of  pig  iron  fur- 
nishes no  real  standard  of  quality  as  compared  with 
the  produce  of  other  districts,  but  is  rather  an  indica- 
tion of  the  working  conditions  of  the  furnace.  Other 
things  being  equal,  white  cast  iron  can  be  more  readily 
and  cheaply  produced  than  grey,  as  the  same  amount 
of  fuel  is  made  to  carry  a  larger  burden  of  ore,  and  the 
charges  are  driven  more  rapidly.  As,  however,  it  can 
only  be  used  for  forge  purposes,  while  the  more  expen- 
sive grey  metal  is  available  for  making  either  castings 
or  malleable  iron,  it  is  usually  sought  to  diminish  its 
production  as  much  as  possible,  except  in  special  cases, 
Vrhere  quantity  of  make  or  an  extreme  economy  of 
luel  is  desired. 

White  cast  iron  melts  at  a  lower  temperature  than 
grey,  but  becomes  less  perfectly  fluid :  in  cooling  it  passes 
through  the  pasty  or  semi-fluid  condition,  and  contracts 
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very  considerably  on  solidification.  Grey  cast  iron,  on 
the  other  hand,  expands  in  becoming  solid,  so  as  to  be 
capable  of  filling  np  the  smallest  cavities  and  depres- 
sions of  a  mould.  When  both  kinds  of  metal  are  con- 
tained in  the  hearth  of  a  blast  famace  at  the  same 
time,  the  whitest  being  the  heaviest,  goes  to  the 
bottom,  and  will  be  found  in  the  first  pigs  obtained  at 
the  next  cast.  The  method  of  flowing  is  also  indica- 
tive of  the  quality  of  the  molten  metals  to  an  expe- 
rienced eye.  White  iron  flows  in  a  sluggish  stream, 
throwing  out  brilliant  sparks,  while  the  grey  foundry 
qualities  run  perfectly  fluid  and  without  sparks. 

In  Sweden,  and  other  countries  where  the  practide 
of  casting  in  metal  moulds  is  adopted,  the  fractured 
surface  of  the  metal,  even  when  perfectly  grey,  is 
whitened  by  the  chill  to  a  considerable  depth.  Another 
class  of  metal  often  obtained  under  similar  circum- 
stances consists  of  about  equal  parts  of  white  columnar 
and  fine  dark  grey  iron  in  alternating  stripes,  or  the 
latter  may  be  interspersed  in  ragged  patches,  stars,  or 
spots  through  a  white  ground.  These  varieties  are  in 
great  request  for  conversion  into  malleable  iron,  as 
they  approximate  in  character  to  the  mixtures  of  grey 
pig  iron  with  refined  metal  that  are  found  to  be  most 
advantageous  for. such  purposes.  The  so-called  steel 
iron  or  white  columnar  pig  of  Siegen,  and  the  flowery 
pig  iron  of  Styria  {hlumige  floss),  are  of  this  character. 
Common  white  iron,  made  with  a  heavy  burden  of 
cinders,  is  dull  in  colour,  and  presents  a  rough,  honey- 
combed appearance  on  the  upper  surface  of  the  pig ; 
it  usually  contains  a  considerable  amount  of  phos- 
phorus and  sulphur^  and  though  very  hard,  may  be 
easily  broken. 

In  the  United  States,  the  white  pig  iron  produced  in 
New 'T  "    -n  the  residues  obtained  in  the  treatment 
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of  franklinite  after  the  oxide  of  zinc  has  been  removed 
enjoys  a  very  high  reputation  for  use  in  the  manufac- 
ture of  chilled  articles,  especially  crushing  and  forge 
rolls  and  stamp  heads.  In  foundries  where  the  re- 
melting  is  performed  in  reverberatory  furnaces,  dark  grey 
iron  can  be  used  to  advantage,  and  the  quality  of  the 
metal  may  be  greatly  improved  by  the  addition  of  a 
proportion  of  malleable  scrap  iron. 

The  following  are  the  appearances  to  be  noted  on  the 
fractures  of  different  classes  of  foundry  iron  according 
to  Guettier : — 

A  moderately  large  grain  pf  slight  lustre,  mottled 
with  fine  patches  having  a  tendency  to  whiteness,  indi- 
cates the  highest  degree  of  resistance. 

A  smaller  grain,  but  similarly  dull,  with  a  mottled 
grey  base,  marks  the  quality  of  metal  best  suited  to 
resist  tractive  strains. 

A  somewhat  fibrous  grain,  terminating  in  fine  jagged 
pyramidal  points  on  the  fractured  surface,  with  a  close 
regular  grey  base,  is  a  mark  of  great  transverse  strength 

A  fine-grained  grey  metal,  bordering  upon  mottled, 
when  the  fracture  is  small-grained  and  even,  and  not 
in  flat  broad  plates,  is  the  best  for  resisting  compression. 

The  varieties  presenting  the  least  resistance  are 
those  that  are  full  of  graphite  of  a  blackish-grey  colour 
and  large  brilliant  grain,  or  of  an  irregular  grain  upon 
a  shining  base,  and  the  mottled  white  kinds  in  which 
there  is  no  granular  structure  apparent. 

Guettier  found  that  No.  1  Scotch  pig  reached  its 
maximum  strength  after  the  eighth  melting.  Fairbaim 
found  that  the  same  point  was  reached  with  No.  8  pig 
(Eglinton)  after  twdbve  meltings. 

Those  varieties  of  cast  iron  that  are  smelted  from 
spathic  ores  containing  manganese  in  considerable 
quantity  are  also  white  and  intensely  hard,  the  frac- 


260  MBTALLURGY  OF  IHON. 

tured  surface  presenting  an  aggregate  of  bright  lamel- 
lar crystals,  sometimes  nearly  an  inch  across,  forming 
the  so-called  specular  pig  (spiegeleisen).  Unlike 
ordinary  white  iron,  it  contains  a  very  large  amount  of 
carbon,  all  of  which  is  in  chemical  combination.  The 
circumstances  favouring  its  production  have  been 
noticed  at  p.  223.  Manganese  is  always  present,  but 
the  amount  may  vary  very  considerably  without  affect- 
ing the  large  lamellar  crystalline  structure. 

Strength  of  Cast  Iron.  The  resistance  of  cast  iron  to 
strains  applied  in  different  directions  is  subject  to  very 
considerable  variation,  according  to  its  composition  and 
quality.  The  softest,  or  No.  1  pig,  is  usually  deficient 
in  strength  as  compared  with  the  lower  qualities  made 
from  the  same  ores.  It  is  customary  in  founding,  there- 
fore, to  work  with  two  or  more  different  kinds  of  metal, 
in  order  to  obtain  mi:^tures  combining  the  qualities  of 
the  different  components,  or  sometimes  a  proportion  of 
malleable  scrap  or  refined  iron  is  added  to  grey  iron  for 
the  same  purpose. 

Silicon  is  generally  reputed  to  be  a  source  of  weak- 
ness in  cast  iron,  such  as  the  dark  grey  Wo.  1  Scotch 
pig  smelted  from  blackband ;  and  it  is  for  this  reason, 
probably,  that  hot  blast  metal  is  of  smaller  tenacity 
than  that  mcule  with  cold  blast  from  the  same  materials. 

The  following  are  the  maximum  and  minimum  limits 
of  strength  in  British  pig  iron,  as  deduced  from  obser- 
vations made  at  Woolwich  in  1866-69  : — 

Mimmum.  Maximum. 

Specific  gravity    .     .     6-886     .     •     7*289 

Per  square  inch. 
Tensile  strength    .     .     4*85  t«to8    .  14*05  tons 

Transverse  .  .  .  1-87  „  .  4*47  „ 
Torsional  ....  1*74  „  .  8*44  „ 
Crushing    ....  2254    „      .  6a'42    ., 
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The  transverse  resistance  was  measured  by  the  force 
necessary  to  break  a  bar  of  an  inch  square  when  loaded 
at  the  same  distance  from  the  point  of  support.  The 
torsional  strength  was  measured  by  applying  a  twisting 
strain  to  a  bar  reduced  to  the  same  ratio  at  a  distance 
of  8  inches  from  its  bearings. 

The  lowest  values  were  obtained  with  pig  iron  smelted 
from  sandy  brown  hematite,  and  the  highest  from  hema- 
tite or  argillaceous  carbonates,  either  alone  or  mixed  and 
smelted  with  cold  blast. 

The  chemical  composition  of  pig  iron  is  subject  to 
considerable  variation,  as  will  be  seen  by  the  preceding 
table,  which  comprises  analyses  from  the  principal 
British  and  foreign  iron-smelting  districts. 


CHAPTER  Xll. 

METHODS    OF    MAKING    WROUGHT    IRON    DIRECTLY    FROM 

■ 

THB  ORE. 

The  chief  modern  representative  of  the  bloomeries  or 
hearths  by  which  iron  was  produced  from  the  earliest 
ages  down  to  the  introduction  of  the  blast  furnace  is 
th#  so-called  Catalan  or  Corsican  forge,  which  still  sur- 
vives in  the  Pyrenees,  and  a  few  other  isolated  localities 
in  ihe  South  of  Europe.  As  it  is  of  comparatively  small 
importance  in  the  economy  of  modem  iron-making,  a 
very  brief  notice  will  suflBce. 

The  hearth,  or  furnace,  employed  in  this  process,  is 
represented  in  longitudinal  section  in  Fig.  22.  The 
bottom  of  the  heaip^h  is  of  refractory  sandstone,  and 
before  using,  is  lined  or  brasqued  with  a  coating 
of  charcoal  dust  or  breeze.  The  front  wall,  or  face, 
a,  is  curved  outwards  so  as  to  increase  the  capacity 
of   the  hearth    at    the    top.      The    opposite    side 'is 
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provided  with   a   twyer    made  of   sheet  copper,   iq- 

clined  at  an  angle  of  from  30  to   40  degrees.     The 

tapping     hole     for     remoTing    the    slag    is    placed 

in    one   of    the    side    walk, 

which  is  also  covered  with  an 

iron  plate,  forming  a  point  of 

support  for  the  tool  need  in 

working  the  contents  of  the 

hearth,    and    removing     the 

spongy  noaas  or  ball  of  iron 

produced. 

The  blaat  is  ilsually  produced 

either  bj  a  trompe,  or  a  wooden 

engine  with  a  squaro  piston: 

its  pressure  never  exceeds  I^ 

to  1|  inches  of  mercury. 

The  method  of  conducting  ^  ^  ^  -cw^m  Faery. 

the  operation  is  as  follows: — After  repairing  the 
lining  of  the  hearth  bottom,,a  pile  of  ore,  usually  a  rich 
and  easily- reducible  brown  hematite,  occupying  from 
one-third  to  one-half  of  the  total  contend  of  the 
hearth,  is  placed  at  b,  parallel  to  the  curved  wall, 
-  the  remaining  portion,  to  the  twyer  wall,  being  fiUed 
with  charcoal.  The  whole  ia  then  covered  with  char- 
coal dust  and  small  ore  {grdllade)  moistened  with  water. 
At  first  only  a  gentle  blast  ia  used,  and  as  soon  aa 
flame  appears  at  the  surface,  it  is  damped  by  a  fi'esh 
application  of  greillade  in  order  to  prevent  too  rapid 
combustion,  and  the  falling  in  of  the  heap  before  the 
reduction  of  tho  oxide  of  iron  to  the  metallic  state 
is  effected.  The  preliminary  stage  lasts  about  two 
hours,  after  which  the  blast  is  turned  iiiU  on,  and  the 
slags  are  tapped  ofl!".  The  workman  then  pushes  the 
heap  of  ore  further  info  the  hearth  by  means  of  an 
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iron  bar  introduced  between  it  and  the  front  wall. 
The  reduction  commences  at  the  bottom  of  the  heap 
with  the  formation  of  spongy  masses  of  iron,  which,  as 
they  appear,  are  pushed  forward  by  the  workman 
towards  the  twyer,  in  order  to  facilitate  the  separation 
of  the  metal  from  the  slag  by  the  liquation  of  the 
latter.  The  progress  of  the  work  is  chiefly  guided  by 
the  character  of  the  slags,  which  are  very  liquid  when 
highly  charged  with  protoxide  of  iron,  and  stiflF  or 
pasty  when  deficient  in  bases.  In  the  latter  case  the 
necessary  fluidity  is  imparted  by  the  addition  of 
finely-divided  ore  in  small  quantities,  which  is 
allowed  to  dissolve  in  the  slag  without  being  reduced 
to  the  metallic  state.  This  is,  in  fact,  one  of  the  essen^ 
tial  points  of  the  process,  a  portion  of  the  ore  being 
intentionally  expended  in  fluxing  the  silica,  in  addition 
to  the  earthy  bases  associated  with  the  peroxide  of  iron, 
in  order  to  obtain  an  easily-fusible  slag,  which  in  its 
turn  reacts  upon  the  reduced  masses  of  spongy  metal, 
and  prevents  the  assimilation  of  carbon  and  the  for- 
mation of  cast  iron.  Perfect  liquidity  of  the  slag  is 
also  desirable  in  order  to  facilitate  its  removal  during 
the  subsequent  forging. 

When  the  whole  of  the  charge  has  been  reduced,  the 
blast  is  stopped,  and  the  spongy  masses  in  the  hearth 
are  worked  together  into  a  lump,  or  ball,  which  is 
lifted  out  and  carried  to  the  hammer,  where  it  is  forged, 
or  shingled,  to  a  rough  bar,  or  bloom.  During  the 
first  period  of  the  process,  while  the  ore  is  being  re- 
duced, the  bloom  obtained  from  the  preceding  charge, 
after  having  been  cut  up  into  several  pieces,  is  re- 
heated in  the  upper  part  of  the  hearthy  and  drawn  out 
into  bars  under  the  hammer. 

The  iron  produced  in  the  Catalan  forge  is  usually 
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rlesB  bard  and  etedy,  though  thk  dependa  id 

xof>r^  ^  OB  the  manipulation.     By  increasing  the 

gt^^  ^inclination  of  the  twyer,  and  keeping  a  large 

W^  f  of  ^^8  ^  *^®  heaxth,  the  decarburisation  of 

^^^^^vot^  mass  is  faciKtated,  and   a   softer  iron  is 

^®  /^  iiian  is  the  case  wlien  the  ore  is  allowed  to 

^  redfl^  slowly,  and  to  remain  in  prolonged  contact 

^ii}i  the  fuel;   these  conditions  being  favourable  for 

the  production   of  what  is  known  as  steely  iron,  or 

natural  steel. 

The  slags  produced  in  this  process  consist  essentially 
of  tribasic  protoxide  silicates,  the  principal  biwe  being 
protoxide  of  iron ;  but  lime,  magnesia,  and  protoxide  of 
manganese  are  generally  present  in  greater  or  less 
quantity.  The  silica  usually  exists  in  the  ore  in  a  free 
state  as  quartz. 

Although  the  presence  of  several  ba^es  is  advan- 
tageous as  tending  to  produce  a  fluid  slag,  it  is  espe- 
cially necessary  that  the  amount  of  the  earthy  bases, 
lime  and  magnesia,  should  be  small,  as  their  silicates 
are  too  refractory  to  be  properly  melted  at  the  tempera- 
ture obtained  in  the  hearth.  The  conditions  governing 
the  formation  of  slags  in  the  Catalan  forge  are  therefore 
exactly  the  reverse  of  those  sought  to  be  obtained  in 
the  blast  furnace,  where  the  scorification  of  protoxide 
of  iron  is  prevented  by  the  use  of  a  lai^e  amount  of 
lime  as  a  flux  for  the  silica  in  the  charge.  It  will  be 
shown  subsequently  that  the  same  considerations  are 
involved  in  all  processes  for  the  conversion  of  cast  into 
malleable  iron.  Whenever  silica  or  silicon  is  present, 
it  is  always  eliminated  as  a  silicate  at  the  expense  of  ft 
portion  of  the  metal,  and,  at  the  same  time,  the  highly 
basic  silicate  so  formed,  when  brought  into  contact  with 
molten  oast  iron,  aoti  upon  the  combined  carbon  of  the 
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latter,  witli  the  production  of  carbonic  oxide  and 
metallic  iron.  It  will  be  remembered  that  the  nearest 
approach  to  this  reaction  observed  in  the  blast  furnace 
is  when  the  cinder  is  black  and  scouring,  correspond- 
ing to  the  production  of  white  iron  poor  in  carbon. 

The  weight  of  ore  treated  in  a  hearth  of  the  largest 
size  in  one  operation  lasting  six  hours  is  about  9^  cwt., 
containing  45  to  48  per  cent,  of  iron,  the  fuel  con- 
sumed about  10|  cwt.,  and  the  produce  of  finished  bar 
iron  about  3  cwt.  The  average  consumption  of  mate- 
rials per  100  lbs.  of  bar  iron  is,  of  ore  312  lbs.,  and 
charcoal  340  lbs.,  or  100  lbs.  of  ore  in  good  work  should 
yield  31  lbs.  of  bar  iron,  and  41  lbs.  of  slags  contain- 
ing 30  per  cent,  of  iron.  Of  the  total  contents  of  the 
ore,  therefore,  71  per  cent,  is  reduced  to  the  metallic 
state,  while  the  remaining  29  per  cent,  is  expended  in 
the  slag.  The  ore  in  question  contains  about  14  per 
cent,  of  silica. 

The  dimensions  of  the  hearth  vary  in  different  districts; 
the  smallest,  or  Catalan  fire,  in  use  in  the  central  and 
eastern  parts  of  the  Pyrenees,  is  20  inches  in  length 
and  breadth,  16  inches  total  depth,  9  inches  measured 
from  the  twyer  to  the  hearth  bottom,  and  takes  a  charge 
of  3  to  4  cwt.  of  ore.  The  Navarrese  hearth,  employed 
in  French  and  Spanish  Navarre  and  Guipuscoa,  is  30 
inches  long,  24  inches  broad,  and  16  inches  deep  from 
the  twyer  to  the  bottom ;  the  charge  weighs  from  5  to 
6  cwt.  The  largest,  or  Biscayan  hearth,  is  40  inches 
long,  30  to  32  inches  broad,  and  24  to  27  inches  in  total 
depth,  or  from  14  to  15  inches  below  the  twyer.  The 
charges  are  from  7  to  9  cwt.,  as  given  above. 

Various  processes  for  the  direct  producticm  of 
wrought  iron  from  the  ore  have  been  proposed,  differ- 
ing from  the  Catalan  forge,  in  the  use  of  a  closed  vessel, 
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such  as  a  gas  retort  or  fire-brick  cliamtifer,  for  the 
reduction,  which  is  effected  at  as  low  a  temperature  as 
possible,  either  by  the  direct  contact  of  finely-divided 
carbon,  or  in  a  current  of  reducing  gases  produced  by 
the  passage  of  air  over  red-hot  coal  in  a  special  gas 
generator.  The  spongy  masses  of  iron,  after  removal 
and  cooling  under  a  covering  of  charcoal,  are  welded  in 
open  hearths  or  reheating  fiimaces,  with  or  without  pre- 
viously undergoing  a  mechanical  separation  from  the 
earthy  matters  by  crushing  and  treatment  with  electro- 
magnetic apparatus.  As  these  methods  are  only  appli- 
cable to  the  treatment  of  easily-reducible  ores,  and 
are  essentiaUy  slow  in  work,  giving  only  a  smaU  pro- 
duction from  a  plant  of  considerable  extent,  as  compared 
with  the  old  open  fire,  they  have  not  as  yet  been  found 
to  possess  sufficient  advantages  to  be  generally  adopted 
on  the  large  scale. 

At  Santa  Ana  de  Bolueta,  in  Biscay,  Gurlt's  process 
of  reducing  the  rich  brown  hematite  of  Sommorosteo, 
containing  68  per  cent,  of  iron,  by  means  of  carbonic 
oxide,  has  been  tried  with  the  following  results.  The 
furnace  has  a  shaft  like  an  ordinary  blast  furnace, 
commimicating  with  a  series  of  gas  generators  near 
the  bottom.  When  three  charges  were  made  daily, 
72  cwt.  of  ore  and  18|  cwt.  of  charcoal  yielded  23*8  cwt. 
of  spongy  metallic  iron,  which  was  removed  while  still 
hot  in  iron  barrows,  and  allowed  to  cool  under  a  cover- 
ing of  charcoal  dust.  The  subsequent  welding  of  the 
sponges  or  balls  was  effected  in  an  ordinary  Catalan  fire, 
the  waste  being  about  50  per  cent,  by  weight,  and  the 
consumption  of  charcoal  equal  to  the  weight  of  the 
finished  bars  produced.  The  total  consumption  was, 
therefore,  per  100  lbs.  of  bars  made,  174  lbs.  of  charcoal 
aud  285  lbs.  of  ore ;  the  loss  of  iron,  amounting  to  nearly 
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one-half,  #as  larger  tlian  in  the  ordinary  Catalan  pro- 
cess, but  a  considerable  saving  of  fuel  was  effected. 

In  India  wrought  iron  is  made  directly  from  the  ore, 
either  in  shallow  hearths  with  an  artificial  blast,  or  in 
furnaces  with  ^afts,  which  may  be  worked' with  a  blast, 
or  by.  a  natural  draught,  the  former  resembling  the 
Catalan  forge,  while  the  latter  may  be  compared  to 
the  lump  or  wolf  furnaces  which  prevailed  in  Europe 
before  the  introduction  of  the  flowing  or  modem  blast 
fiimace.  In  either  case  the  dimensions  are  small,  as 
are  also  tie  blooms  produced,  which  vary  from  20  lbs. 
to  2  cwt.  In  the  Burmese  furnaces,  which  depend  upon 
natural  draught,  the  shaft  is  excavated  in  the  face 
of  a  bank  exposed  to  the  prevailing  wind,  from  10  to 
16  feet  high,  a  number  of  conical  pipes  or  nozzles 
being  inserted  in  an  opening  at  the  lower  part,  corre- 
sponding in  position  to  the  tymp  in  an  ordinary  blast 
furnace.  This  primitive  system  of  construction  is 
said  to  have  been  used  by  the  ancient  Celtic  inhabi- 
tants of  the  Rhenish  hill  countries,  heaps  of  slags 
being  found  in  Nassau,  on  the  tops  of  bare  swelling 
downs  far  away  from  water-courses,  under  circum- 
stances which  indicate  the  probability  of  their  having 
been  produced  in  furnaces  of  this  class. 

American  Bhoinary  Process. — Although  the  old 
process  of  making  iron  directly  from  the  ore  has  been 
completely  abandoned  in  Germany,  it  is  still  employed 
to  a  very  considerable  extent  in  the  United  States, 
where  it  was  introduced  early  in  the  eighteenth  cen- 
tury ;  and  has  latterly  been  employed  in  Canada  for 
the  treatment  of  the  black  magnetic  and  titaniferous 
sands  of  the  Labrador  The  following  description  of 
the  process  has  been  given  by  Dr.  Sterry  Hunt  :— 

The  hearth  or  furnace,  also  known  as  the  bloomary 

n2 
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fii*e,  Jersey  or  Champlain  forge,  varies  in  length  and 
breadth,  in  different  localities,  from  27  by  30  to  28  by 
32  inches,  and  the  depth  &om  20  to  25  inches  above 
the  twyer,  and  from  8  to  14  inches  below.  The  sides 
are  made  of  cast-iron  plates,  and  the  bottom  usually  of 
beaten  earth  or  cinders;  but  in  the  best-constructed 
hearths  a  hollow  casting,  cooled  by  water,  is  preferred. 
At  East  Middlebury,  in  Vermont,  the  bottom  plate  is 
4  inches  thick,  with  a  hollow  space  of  2  inches  within 
it.  The  side  plates,  which  are  1^  inches  thick,  are 
slightly  inclined  inwards,  and  rest  on  ledges  on  the 
bottom  plate.  A  water-box,  measuring  12  by  8  inches, 
is  let  into  the  twyer  plate ;  and  the  water,  after  cooling 
the  twyer,  passes  through  the  bottom  plate.  The  twyer 
is  placed  12  inches  above  the  bottom,  at  such  an 
inclination  that  the  blast  may  strike  the  middle  of  the 
hearth.  It  is  of  segmental  form,  measuring  1  inch  in 
height  by  |  inch  wide.  In  front  of  the  furnace,  at  a 
height  of  16  inches  above  the  bottom,  is  placed  a  flat 
iron  hearth,  18  inches  wide.  The  side  plate  beneath  it 
is  provided  with  a  tap  hole,  for  drawing  off  the  cinders 
from  time  to  time.  The  cast-iron  plates  used  in  the 
construction  of  these  furnaces  last  for  two  years. 

The  blast  employed  has  a  pressure  of  from  li^  to  If 
lbs.  to  the  square  inch,  and  is  heated  by  passing  through 
a  stove  of  tibe  ordinary  siphon-pipe  pattern,  placed  in 
an  upper  chamber  above  the  furnace,  and  heated  by  the 
waste  flame.  The  temperature  at  East  Middlebury  is 
said  to  be  from  280°  to  320°.  The  use  of  hot  blast  is 
attended  with  a  considerable  saving,  both  of  time  and 
fuel,  240  bushels  of  charcoal  being  sufficient  to  produce 
a  ton  of  bloom  with  hot,  while  300  are  required  with 
cold  blast.  The  weight  of  the  charcoal  may  be  esti- 
mated at  from  16  to  18  lbs.  per  bushel. 
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The  working  of  the  furnace  is  conducted  in  the 
following  manner  : — The  fire  having  been  made  up  and 
the  furnace  heaped  with  charcoal,  the  ore,  in  a  coarsely 
pulverised  form,  is  scattered  at  short  intervals  over  the 
top  of  the  burning  fuel,  and  in  its  passage  downwards 
is  reduced  to  the  metallic  state,  the  grains  agglome* 
rating  to  an  irregular  mass  or  loup  at  the  bottom, 
while  the  earthy  matters  form  a  liquid  slag  or  cinder, 
which  is  drawn  off  from  time  to  time  through  the 
openings  in  the  front  plate.  Fresh  ore  and  coal  are 
continually  added,  until  at  the  end  of  two  or  three 
hours  a  sufficiently  large  loup  is  formed.  This  is  then 
lifted  before  the  twyer  to  get  a  good  welding  heat,  and 
shingled  to  a  bloom  under  the  hammer,  the  reheating 
of  which  is  usually  effected  in  the  same  fire. 

In  the  larger-sized  fiimaces  a  loup  of  300  lbs.  is 
produced  every  three  hours,  making  the  produce  per 
day  of  24  hours  2,400  lbs.  of  blooms  ;  in  some  cases  it 
is  said  1,500  lbs.,  or  even  more,  are  produced  in  12 
hours. 

The  essential  difference  between  the  Catalan  and  the 
American  forge  consists  in  the  method  of  charging. 
In  the  former  the  greater  part  of  the  charge  of  ore,  in 
comparatively  large  lumps,  is  placed  at  the  commence- 
ment of  the  operation  on  the  sloping  wall  of  the  hearth 
opposite  the  twyor,  only  the  small  ore  or  greillade  being 
added  subsequently.  In  the  American  or  German 
method,  on  the  contrary,  the  whole  of  the  ore  is  reduced 
to  a  fine  state  of  division,  and  is  added  by  small  por- 
tions— a  plan  which  dispenses  with  the  charging  of  the 
furnace  after  each  operation,  and  permits  of  a  continuous 
system  of  working. 

In  order  further  to  economise  the  waste  heat,  the 
plan  usually  adopted  in   the  Franche-Comt^  fire,  of 
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passing  the  flame  and  gases  from  two  hearths  into  a 
chamber,  which  serves  for  the  reheating  of  the  blooms 
when  it  is  required  to  draw  them  out  into  bars,  a  set  of 
small  blast  pipes,  placed  just  above  the  forge,  serves  to 
heat  a  portion  of  air,  which  is  led  into  the  chamber  to 
bum  any  carbonic  oxide  gas  that  may  have  escaped. 
The  gases  from  the  reheating  chamber  are  afterwards 
employed  to  heat  the  principal  blast  of  the  forge  in  the 
usual  manner. 

At  Ausable,  in  the  State  of  New  York,  the  ores 
employed  are  dressed  so  as  to  yield  about  50  per  cent- 
of  iron — two  tons  being  required  to  make  one  ton  of 
blooms;  while  at  the  New  Russia  forges,  where  a 
nearly  pure  magnetite  is  smelted,  three  tons  of  dressed 
ore  are  stated  to  yield  two  tons  of  blooms.  The  loss  at 
this  rate  would  not  be  more  than  about  6^  per  cent,  on 
the  theoretical  contents  of  the  ore — a  result  which  could 
scarcely  be  obtained  by  any  other  method. 

At  Moisie,  in  Quebec,  where  titaniferous  black  sand 
is  treated,  the  results  obtained  are  not  so  favourable, 
owing  to  the  more  refractory  character  of  the  ore.  The 
twyer  is  laid  nearly  horizontal,  as  it  was  found  that  the 
strong  inclination  used  with  coarser  ores  could  not  be 
advantageously  used  with  the  fine  sands.  A  less  dense 
blast  is  also  used,  the  average  working  pressure 
being  about  1  lb.  to  the  square  inch.  Each  hearth, 
yields  eight  loups,  or  about  15  cwt.,  in  the  day  of  24 
hours ;  the  consumption  of  charcoal  being  at  the  rate 
of  466  bushels  to  the  ton  of  blooms.  This  charcoal  is 
chiefly  produced  from  small  and  light  wood,  such  aa 
spruce,  fir,  and  birch,  the  weight  being  only  15  lbs.  to 
the  bushel,  about  62^  cwts.  being  consumed  to  make  a 
ton  of  iron. 
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This  very  unfavourable  result  is  due  to  the  imper- 
fectly cleaned  state  in  which  the  ore  is  smelted — the 
quartz,  but  more  especially  the  titanic  acid,  using  up  a 
large  portion  of  the  protoxide  of  iron,  in  order  to  form 
a  slag.  The  amount  of  titanic  acid  in  the  slags  is  in 
some  cases  as  high  as  34  per  cent.,  and  the  iron  from 
40  to  52  per  cent.  By  the  use  of  magnetic  machines 
for  separating  the  ore  before  treating  it  in  the  furnace, 
it  would  be  possible  to  remove  the  non-magnetic  and 
more  highly  titaniferous  part,  which  is  practically 
worthless,  leaving  a  comparatively  pure  magnetite, 
which  could  be  much  more  advantageously  smelted. 

The  quality  of  the  iron  produced  in  the  bloomary 
fire  at  Moisie  is  said  to  be  very  superior,  as  the  result  of 
experiments  made  upon  it  in  England  show  that  it 
possesses  a  tensile  strength  equal,  or  superior,  to  that  of 
the  best  Yorkshire  iron,  and  works  easily  both  cold  and 
hot.  This  excellence  is  to  be  attributed  to  the  almost 
perfect  freedom  of  the  magnetic  sand  from  sulphur  and 
phosphorus.  A  sample  taken  fit^m  a  bloom  when 
examined  gave  only  '0094  per  cent,  of  sulphur,  and 
0'184  per  cent,  of  phosphorus,  and  no  trace  of  tita- 
nium could  be  found* 


CHAPTER  XIII. 

REFININO,   OR  CONVERSION  OF   GREY  INTO  "WHITB 

CAST  IRON. 

When  grey  cast  iron  is  melted  in  an  oxidising 
atmosphere,  the  silicon  in  combination  is  oxidised  to 
silica,  and  separates  as  a  silicate  of  protoxide  of  iron,  a 
portion  of  the  iron  being  oxidised  at  the  same  time. 
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If  the  metal  be  run  into  monlda  and  suddenly  cooled, 
the  whole  of  the  carbon  enters  into  combination,  with 
the  production  of  a  peculiar  silvery- white  metal,  which 
is  analogous  in  composition  to  that  smelted  &om  pure 
ores  at  a  low  temperature  with  a  high  burden  of 
materials.  The  same  result  may  be  obtained  by  strip- 
ping  thin  plat^  or  discs  from  the  bath  of  molten 
metal  by  throwing  water  on  to  its  surface,  and  sub- 
jecting them  to  a  red  heat  in  contact  with  air  for  several 
hours,  a  process  followed  in  parts  of  Germany,  and 
known  as  roasting  (braten).  The  more  usual  method, 
however,  consists  in  melting  the  metal  with  coke  or 
charcoal  in  a  small  hearth  of  rectangular  section,  with 
one  or  more  inclined  twyers,  through  which  cold  blast 
air  is  made  to  impinge  upon  the  surface  of  the  melted 
metal.  This  process  is  known  as  refining,  and  the 
furnace,  or  hearth,  as  the  refinery.  The  object  of  the 
operation  is  to  reduce  the  fluidity  of  the  melted  metal, 
as  weU  as  to  diminish  the  amount  of  siKcon,  or  dag- 
making  material,  whereby  the  subsequent  treatment  in 
the  puddling  fiimace  is  facilitated.  The  term  "  running 
out  fire,"  which  applies  to  the  refinery,  has  reference  to 
the  use  of  a  long  cast-iron  trough,  forming  a  chill-mould 
for  the  metal,  which  is  run  out  of  the  hearth  as  soon  as 
the  refining  has  been  carried  to  the  proper  point. 

The  general  arrangements  of  a  refinery  fire  are  shown 
in  Figs.  23,  24,  which,  together  with  the  accompanying 
description,  have  been  taken  from  Tomlinson's  "  Cyclo- 
paedia." 

The  hearth  h.  Figs.  23,  24,  is  2^  feet  wide,  and  3^ 
feet  long.  It  is  formed  by  the  junction  of  four  cast* 
iron  troughs,  i,  through  which  a  stream  of  cold  water 
is  made  to  circulate,  to  prevent  them  from  being  fused 
by  the  heat.  The  bottom  of  the  crucible  is  of  grit- 
stone or  argillaceous  sand,  and  is  slightly  inclined  in 
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the  direction  of  the  tapping-hole,  o.     The  air,  which  ia 
usually  supplied  by  the  same  engine  that  blows  the 


Fig.as.— Tlienlliieiy. 

blast  fumacGB,  enters  the  hearth  through  the  six  twyers, 


Fig.  a*.— PlUl  Ol  peftncry. 


t,  which  are  inclined  at  an  angle  of  from  26°  to  30°, 
and  so  arranged  that  the  blast  from   each   may  >"- 
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directed  towards  the  face  of  the  opposite  side  of  the 
furnace^  not  in  opposition  to  the  opposite  twyer.  The 
twyers  are  furnished  with  double  casings,  through 
which  cold  water  is  constantly  running.  A  supply  of 
water  is  brought  by  a  pipe  p  into  the  reservoirs  e^ 
whence  it  passes  to  the  twyers,  through  the  pipes/,  and 
escapes  through  the  tubes  c'  into  the  tanks  w,  into 
which  the  water  from  the  iron  troughs  flows  by  the 
syphon  tubes  c,  A  furnace  of  this  kind  consumes 
about^  400  cubic  feet  of  air  per  minute.  This  is  sup- 
plied by  the  pipes  t,  which  are  &mished  with  screw- 
valves  at  8  for  regulating  the  supply.  Above  the 
hearth  is  a  chimney  16  to  18  feet  high,  supported  by 
four  cast-iron  columns,  so  as  to  allow  free  access  to 
the  Are  on  all  sides.  The  tapping  hole  o  is  placed  in 
one  of  the  shorter  sides  of  the  hearth,  and  by  it 
the  melted  metal  and  the  slag  flow  out  into  the 
moidd  c,  where  the  metal  is  cooled  by  quenching  with 
water. 

In  Wales  the  hearth  of  the  refinery  is  about  4  feet 
square,  and  from  15  to  18  inches  deep,  with  two  or 
three  twyers  on  either  side.  In  Yorkshire  the  twyers 
usually  alternate  with  each  other  on  opposite  sides, 
.  two  being  placed  on  one  side  and  three  on  the  other. 
The  hearth  bottom  is  made  of  sandstone  or  fire-brick. 
Sometimes  the  metal  is  run  in  directly  from  the  blast 
furnace,  but  more  usually  the  charge  of  selected  pigs  is 
melted  down  with  coke  in  the  hearth.  In  the  latter 
case,  the  met^l  in  the  form  of  pigs  and  scrap  is  placed 
in  alternate  lajers  with  coke,  upon  a  bed  of  ignited 
fuel,  at  the  bottom  of  the  hearth,  and  the  blast  is 
supplied  at  a  pressiire  of  from  1^  to  2^  lbs.,  according 
to  the  combustibility  of  the  coke.  In  from  two  to  two 
and  a  half  hours'  time,  the  charge,  weighing  two  tons,  is 
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melted.  Fresh  fuel  is  then  added,  and  the  blowing  is 
continued  for  half  an  hour,  until  the  metal  is  sufficiently 
decarburised.  The  fluid  contents  of  the  hearth,  metal 
and  slag,  are  then  tapped  off  together  into  shallow 
cast-iron  troughs  placed  in  front,  which  are  kept  cool 
with  water.  The  usual  dimensions  of  the  moulds  are 
about  10  feet  long,  3^  feet  broad,  and  6  or  8  inches 
deep.  The  separation  of  the  slag  is  facilitated  by 
throwing  water  upon  the  surface.  When  the  metal  is 
run  directly  from  the  refinery  into  the  puddling  furnace, 
the  slag  must  first  be  removed. 

When  freshly-fractured  fine  metal  is  of  a  silvery- 
white  colour,  the  lower  part  is  compact,  with  a  radiated 
or  parallel  columnar  structure,  the  top  being  dull 
and  cellular.  The  usual  thickness  of  the  plate  of 
metal  is  about  3  inches  to  a  depth  of  1  inch  or  1^ 
inch.  From  three  to  four  hours  are  necessary  to  work 
off  one  charge,  according  to  whether  the  iron  is  grey 
or  white,  the  former  taking  the  longer  time.  The  con- 
sumption of  coke  is  about  2^  cwt.  per  ton  of  pig 
iron  operated  upon.  When  taken  directly  from  the 
blast  furnace,  22*3  cwt.  of  common  forge,  or  22*1 
cwt.  of  good  grey  cast  iron,  are  required  to  produce  one 
ton  of  fine  metal.  In  the  melting  finery  the  quanti- 
ties are  about  20  per  cent.  more.  The  slag  produced 
amounts  to  about  3  cwt.,  and  contains  from  50  to  60 
per  cent,  of  iron. 

The  loss  of  weight  in  refining  hot  blast  pig  iron, 
from  its  being  more  highly  charged  with  foreign 
matters,  is  greater  than  is  experienced  in  the  treat- 
ment of  that  smelted  by  cold  blast.  The  metal  pro- 
duced from  blackband  is  especially  difficult  of  treat- 
ment, owing  to  its  comparatively  ready  fusibility, 
which  renders  it  necessary  to  continue  the  blowing  for 
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a  long  time,  with  a  corresponding  increase  of  waste, 
24  cwt.  being  required  to  make  a  ton  of  fine  metal. 
The  twyers  are  usually  inclined  at  an  angle  of  38  , 
and  from  1 J  to  If  inches  in  diameter :  94,000  cubic  feet 
of  blast  are  given  per  ton  when  the  metal  is  run  in 
from  the  blast  furnace,  but  when  melted  in  the  hearth 
136,000  feet  are  required  with  white,  and  153,000  feet 
with  grey  cast  iron.  The  weekly  production  of  a 
refinery  is  from  150  to  160  tons  in  the  former,  and 
from  80  to  100  tons  in  the  latter  case.  About  16- 
horse  power  is  required  to  Aimish  the  blast.  In 
France  and  Belgium,  the  consumption  of  coke  is  about 
30  per  cent,  by  weight  of  that  of  the  pig  iron  refined. 
A  hearth  with  six  twyers  produces  130  tons,  and  one 
with  four  twyers  only  90  tons  of  fine  metal  per  week. 

The  process  of  refining  may  be  accelerated  in  the 
same  manner  as  is  usual  in  all  methods  of  making 
malleable  from  cast  iron,  namely,  by  the  addition  of 
solid  oxygen  in  the  form  of  rich  basic  silicates  of  pro- 
toxide of  iron,  such  as  the  slags  from  reheating  Air- 
naces,  or  forge  scale,  which  consists  chiefly  of  magnetic 
oxide  of  iron.  By  the  use  of  these  fluxes  the  action  of 
tlie  blast  is  supplemented,  .and  the  carbon  of  the  cast 
iron  is  employed  in  the  reduction  of  a  portion  of  the 
oxides  of  iron  to  the  metallic  state,  with  a  diminution 
of  the  loss  of  iron.  The  saving  is,  however,  more 
apparent  than  real,  as  the  essential  point  of  the  pro- 
cess is  the  removal  of  combined  silicon,  and  this  can 
only  be  effected  by  its  oxidation  to  silica,  with  the 
simultaneous  production  of  tribasic  silicate  of  protoxide 
of  iron ;  and  whether  this  be  done  at  the  expense  of  the 
metal  under  treatment,  or  of  the  iron  reduced  by  the 
secondary  reaction  from  the  rich  slags  added,  is  of  very 
little  consequence,  as  the  latter  owe  their  origin  to 
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exactly   the  same  kind   of   destructive  action    upon 
metal  previously  operated  upon. 

Lime  may  be  beneficially  employed  as  a  flux  for  the 
removal  of  sulphur,  especially  that  contained  in  the 
fuel,  but  its  use  is  restricted  by  the  faot  of  its  giving 
a  pasty  and  comparatively  infusible  slag,  except  when 
present  in  very  moderate  quantity.  Manganese  works 
in  a  similar  manner,  but  more  efficaciously,  and,  as 
has  been  already  stated  in  considering  its  action  in 
the  blast  furnace,  increases  the  fluidity  of  the  slag. 

In  Silesia,  the  conversion  of  grey  into  white  cast 
iron  is  performed  in  the  reverberatory  furnace,  heated  by 
gas  instead  of  solid  fuel.  The  construction  is  very 
similar  to  that  of  the  ordinary  foimder's  reverberatory 
furnace.  The  bed  is  made  of  sand  set  in  an  iron  frame 
with  hollow  sides,  which  is  kept  cool  by  a  current  of 
air  passing  through  it.  The  fireplace  is  replaced  by  a 
vertical  shaft  of  rectangular  section,  about  5  feet  high, 
which  is  filled  with  coal.  Air  at  a  pressure  of  about 
4  lbs.  per  square  inch  is  admitted  through  a  passage 
close  to  the  level  of  the  floor,  and  is  distributed  to  the 
fuel  through  a  number  of  small  parallel  jets  attached 
to  a  wrought-iron  pipe.  The  gas  produced  by  tlie 
imperfect  combustion  of  the  coal  is  burnt  at  the  top  of 
the  shaft,  which  corresponds  in  position  to  the  fire- 
bridge of  an  ordinary  furnace,  by  a  fresh  supply  of 
air  introduced  through  a  long  narrow  mouth-piece, 
extending  across  the  entire  breadth  of  the  hearth, 
and  inclined  at  an  angle  of  about  30^,  so  that  the 
flame  is  urged  downwards  in  a  thin  sheet  upon  the 
surface  of  the  metal.  The  charge,  weighing  two  tons, 
takes  about  three  hours  to  run  down,  during  which 
time  the  draught  is  regulated  by  the  stack  alone.  A 
small  quantity  of  limestone  is  then  added,  in  order 
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to  convert  the  infusible  dross  on  the  surface  of  the  metal 
into  slag,  after  which  the  blowing  proper  commences, 
by  means  of  a  fiirther  supply  of  air  from  two  twyers 
placed  on  opposite  sides  of  the  hearth,  which  impinge 
obliquely  on  the  molten  metal,  producing  a  movement 
of  rapid  rotation.  The  duration  of  the  operation  varies 
firom  two  and  a  half  to  five  hours,  according  to  the 
quality  of  metal  required,  the  longer  time  giving  a 
perfectly  white  iron.  The  loss  is  only  about  5  per 
cent.,  owing  to  the  use  of  limestone  flux.  According 
to  Abel,  the  change  is  chiefly  confined  to  the  elimina- 
tion of  carbon  and  silicon,  as  in  the  common  refinery, 
sulphur  and  phosphorus,  when  present  in  the  pig  iron, 
being  but  slightly  aflected.  The  following  are  the  rela- 
tive proportions  of  these  elements  before  and  after 
refining : — 

Pig  iron.  Befned  iron. 

Silicon  .         .         .     4-66     .  .     0*62 

Phosphonis     .         .     0*56     .  .     0*50 

Sulphur         .         .     0*04     .  .     0*03 

The  amount  of  silicon  remaining  is  considerable ;  but 
this  is  probably  due  to  the  use  of  limestone  instead  of 
fluxes  containing  oxides  of  iron,  the  object  being 
merely  the  production  of  refined  iron  for  foundry 
mixtures,  and  not  for  conversion  into  malleable  iron. 

In  Parry's  method  of  refining,  the  cast  iron  operated 
upon  is  run  directly  from  the  blast  ftimace  into  the 
hearth  of  a  reverberatory  furnace,  heated  by  a  coal  fire 
in  the  usual  way.  The  blowing  is  effected  partly  by 
air  and  partly  by  a  jet  of  steam,  introduced  through  a 
twyer  inclined  at  an  angle  of  45°.  The  weight  of  the 
charge  is  35  cwt.  of  pig  iron,  and  about  7  cwt.  of 
forge  cinders.  A  ton  of  grey  iron  may  be  refined  by 
steam  in  half  an  hour.     The  jet  is  three-eighths  of  an 
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inch  in  diameter,  with  a  pressure  of  from  30  to  40  lbs., 
and  superheated  to  300° — 350°,  by  keeping  the 
orifice  about  2  or  3  inches  above  the  surface  of 
the  iron.  Of  course,  water  twyers  must  be  used,  as  in 
the  case  of  the  hot  blast  furnace.  The  consumption  of 
coal  is  said  to  be  at  the  rate  of  2  cwt.  per  ton  of  re- 
fined metal  produced.  This  is  chiefly  expended  in 
replacing  the  heat  absorbed  by  the  decomposition  of 
the  steam,  which  produces  great  local  cooling,  so  that, 
if  the  supply  be  too  great,  as  compared  with  that  of  the 
air  blast,  the  iron  may  be  cooled  below  its  melting 

point. 

The  following  analyses  of  metal  and  slags,  obtained  in 

this  process  at  EbbwVale,  in  South  Wales,  are  byNoad: — 

Pig  iron  used.      Eefined  xnetaL 


Carbon,  graphitic 

.     2-40     . 

.     0-30 

Silicon  . 

.     2-68     . 

.     0-32 

Blag 

.     0-68     . 

•             ^-^■« 

Sulphur 

.     0-22     . 

.     0-18 

Phosphorus     . 

.     013     . 

.     0-09 

Manganese 

.     0-36     . 

.     0-24 

Forge  dnder  added. 

Cinder  run  out. 

Sulphur 

.     1-34     . 

.     0-16 

Phosphoric  acid 

.     206     . 

.     0-13 

The  slags  obtained  are  therefore  as  pure,  in  respect  to 
sulphur  and  phosphorus,  as  the  ordinary  run  of  Welsh 
iron  ores. 

The  process  introduced  by  Mr.  Heaton,  of  Langley 
Mill  Iron  Works,  near  Nottingham,  may  be  conve- 
niently noticed  at  this  point,  as,  though  intended  for 
the  production  of  steel,  it  is  essentially  a  modification 
of  the  refinery,  with  this  difference,  that  nitrate  of  soda 
is  employed  as  an  oxidising  agent,  instead  of  a  blast  of 
air. 
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The  converter  is  a  wrougtt-iron  cylindrical  cupola 
lined  with  refractory  material,  having  a  movable  bot- 
tom, which  when  in  use  is  kept  in  place  by  iron  clamps. 
The  lower  part  of  the  bottom  is  filled  with  nitrate 
of  soda,  in  the   proportion  of  2  cwt.  to   the  ton  of 
iron  treated.     Sometimes,  but  not  always,  an  addition 
of   about    25    lbs.    of  siliceous  sand   is  made.      This 
charge    is   covered    over    by   a    closely-fitting     per- 
forated   plate  of    cast  iron,   in  order  to  prevent   it 
from    floating  up  through  the  molten  metal  without 
decomposition.  When  the  bottom  is  adjusted,  molten  cast 
iron  is  introduced  through  the  charging-hole  at  the  top. 
The  effect  of  the  nitrate  upon  the  oxidisable  matter  in 
the  iron  is  but  slight  for  about  five  or  six  minutes,  until 
the  covering  plate  is  melted,  when  a  violent  ebullition 
takes  place,  and  a  bright  yellow  flame  issues  from  the 
top  of  the  chimney  for  about  a  minute  and  a  half  more, 
when  the  action  rapidly  subsides.     The  bottom  of  the 
converter,  with  its  content?,   is  then   detached,   and 
removed  by  a  truck,  placed  below  it.    The  product 
of  this  operation,  which  is  called  crtide  steely  is  not 
sufficiently  fluid  to  be  run  out  into  moulds  when  only 
small  charges  of  12  cwt.  or  15  cwt.  are  operated  upon. 
The  contents  of  the  converter  are  therefore  turned  out 
upon  the  floor,  and  are  then  broken  up  into  lumps  of 
convenient  size  for  further  treatment. 

This  consists  of  a  series  of  pilings  and  reheatings  in 
an  ordinary  balling  furnace,  after  being  shingled  into 
blooms  or  cakes  of  crude  steel,  when  iron  bars  or  plates 
are  required ;  or  the  cakes  may  be  melted  in  crucibles 
in  the  ordinary  way  to  form  crucible  cast  steel. 

Several  investigations  of  the  nature  of  the  changes 
taking  place  in  this  process  have  been  published,  the 
first  being  that  of  the  late  Dr.  W.  A.  Miller,  F.R.S., 
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-who  examined  specimens  taken  at  the  Langley  Mill 
Works  in  1868,  and  has  given  the  following  ana- 
lyses :— 


A. 

B. 

C. 

Carbon 

•        • 

.       2-880 

1-600 

0-993 

Silicon,  with  a 

little  titanium  . 

2-960 

0-266 

0149 

Salphur 

0118 

0-018 

trace. 

Phosphorus  . 

1-456 

0-298 

0-292 

Arsenic          • 

»       0041 

0039 

0024 

Manganese    • 

,       0-818 

0-090 

0-088 

Calcium 

•                   99 

0-319 

0-310 

Sodium 

•                   99 

0144 

trace. 

Iron  (by  difference)        •        i 

.    92-293 

97-026 

98-144 

100-  100-  100- 

A.  cupola  pig ;  B.  crude  steel ;  C.  steel-iron. 

The  nature  of  the  above  products  is  not  apparent 
from  the  analyses,  as  the  terms  do  not  seem  to  be  used 
in  the  ordinary  sense.  Thus,  the  so-called  steel  iron 
contains  as  much  carbon  as  a  very  strong  steel.  The 
amount  of  phosphorus  retained,  though  said  to  be 
insufficient  to  injure  the  quality  of.  the  iron,  is  about 
four  times  as  much  as  that  in  the  best  Yorkshire  iron, 
or  from  ten  to  fifteen  times  as  much  as  in  Swedish 
Bessemer  steel. 

Gruner,  who  examined  Heaton's  process  for  the 
purpose  of  testing  its  applicability  to  the  pig  iron 
smelted  in  the  Moselle  valley,  states  that  the  iron  and 
steel  produced  were  capable  of  resisting  a  high  tensional 
strain,  but  that  the  elongation  before  fracture  was  very 
small,  which  shows  the  metal  to  be  hard  and  deficient 
in  body,  the  defect  being  most  marked  in  the  hardest 
steel,  the  softer  steel  and  homogeneous  iron  being  com- 
parable to  ordinary  Bessemer  steel,  only  somewhat 
harder. 
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Grey  pig  iron,  rich  in  silicon,  is  less  readily  purified 
than  white,  as  the  silicon  is  oxidised  before  the  phos- 
phorus. Even  in  the  most  favourable  case,  the  re- 
moval of  the  latter  element  is  very  incompletely  per- 
formed, the  refined  metal  retaining  about  one-third  of 
the  quantity  contained  in  the  pig-iron.  Gruner  there- 
fore suggests,  in  order  to  prevent  a  great  waste  of 
nitrate  of  soda,  the  propriety  of  removing  the  bulk  of 
the  silicon  and  phosphorus  by  preliminary  treatment  in 
an  ordinary  Welch  or  reverberatory  refinery,  the  fine 
metal  being  then  run  direct  into  the  Heaton  converter 
for  a  further  purification  with  the  nitrate.  It  is  doubt- 
ful, however,  whether  there  would  be  any  advantage 
in  adopting  such  a  complicated  method  of  treatment, 
and  the  revival  of  the  use  of  the  refinery  for  ordinar} 
forges  would  be  a  decidedly  retrograde  step. 

The  following  analyses,  illustrating  the  changes  that 
take  place  both  in  the  ordinary  refinery  and  in  the 
Heaton  process,  are  by  Mr.  G.  J.  Suelus,  of  Dowlais : — 

I.  n.  HL         IV.  V.  VI. 

Carbon,  graphitic      .    9-800  )  2.400      2-360  \  0.570       2-061       i  noa 
,       combined    .     1-797  K  *^**      0-446)^^'"       ^  "^^       ^  ®^8 

SiHcon        .  .  .  1-908  0128  2-006  1-959  O'OU  trace 

Sulphur     .  .  .  0-553  0144  0*034  trace  trace  trace 

Phosphorus  .  .  0-886  0*815  0446  0*558  0*489  0*344 

Manganese  .  .  0*050  trace  0*648  0*885  0*064  0*072 

I.  is  an  ordinary  white  forge  pig  iron ;  II.  the  refined  metal  made 
from  it ;  IIT.  and  IV.  are  two  different  brands  of  pig,  mixed  together 
to  form  the  charge  in  the  Heaton  converter ;  Y.  is  hard,  and  YI.  is 
soft  crude  metal  from  the  converter. 

It  will  be  seen,  by  comparison  of  No.  II.  with  Nos.  V. 
and  VI.,  that  the  most  marked  effect  of  the  nitrate  is 
the  almost  entire  removal  of  the  silicon,  which  is  to  be 
attributed  to  the  fluxing  effect  of  the  alkaline  base. 

Henderson's  method  for  the  production  of  steel  and 
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maUeable  iron  from  inferior  brands  of  pig,  depends  upon 
the  joint  use  of  titanic  acid  and  fluor  spar,  whereby 
siKcon,  sulphur,  and  phosphorus  are  said  to  be  whoUy, 
or  in  part,  removed. 

The  first  operation  consists  in  the  production  of 
titaniferous  cast  iron  of  the  following  composition,  by 
fusing  1  ton  of  Cleveland  pig  with  7  cwt.  of  Norwegian 
titaniferous  iron  ore  :-^— 


Carbon      •         • 

.    1-298 

Silicon 

.     1-814 

Titaniam  .         • 

.     1-255 

Phosphorus 

.     0-460 

Sulphur    • 

.     0-362 

The  metal  from  the  first  operation  is  charged  upon  a 
bed  of  powdered  fluor  apar,  spread  uniformly  over  the 
bottom  of  a  puddling  furnace,  and  when  melted,  the 
fining  takes  place  by  the  reaction  of  the  fluoride  upon 
the  silicon  and  other  foreign  matters  in  the  charge,  so 
that  the  operation  is  completely  performed  under  the 
slag,  without  stirring  or  manual  labour,  other  than  that 
required  for  balling  up  the  finished  iron.  The  compo- 
sition of  a  sample  of  malleable  iron  produced  in  this 
way  is  given  as  follows  : — 


Titanium  . 

•    0-022 

Carbon 

trace 

Silicon 

none 

Phosphorus 

.     0-140 

Sulphur    . 

.     0-062 

This  is  said  to  be  a  good  malleable  iron,  although  con- 
taining no  carbon,  which  seems  improbable. 

A  simpler  modification  of  the  process,  consists  in  using 
the  titaniferous  ore  and  fluor  spar  together  in  the  pud- 
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dling  furnace  at  one  operation.  These  are  taken  in  the 
proportion  of  48  lbs.  of  the  latter  to  118  lbs.  of  the 
former.  They  should  be  ground  to  a  fine  powder,  and 
charged  evenly  over  the  bottom  of  the  furnace. 
475  lbs.  of  pig  iron  are  then  placed  on  the  bed  so 
prepared,  and  the  furnace  closed,  so  as  to  exclude  air 
as  completely  as  possible  for  about  an  hour  and  ten 
minutes,  the  fire  being  urged  to  obtain  the  highest  pos- 
sible temperature.  After  the  metal  has  been  in  the 
furnace  for  this  period,  samples  should  be  taken  at 
intervals  of  five  minutes,  in  order  to  judge  of  the 
amount  of  change  produced.  It  is  essential  not  to  stir  or 
work  the  metal  during  the  conversion,  as  the  fluor  spar 
and  titaniferous  iron  ore  become  viscid  by  the  heat  of 
the  furnace  as  soon  as  the  cast  iron  melts,  and  if  left 
alone,  will  remain  on  the  bottom  of  the  furnace  until 
decomposed.  The  time  occupied  in  the  conversion  of 
the  steel,  from  the  charging  of  the  pig  iron,  is  about 
an  hour  and  a  half,  which  may  be  shortened  to  thirty 
or  forty  minutes  by  adopting  the  method  of  previously 
refining  the  iron,  which  removes  the  silica  and  the 
greater  part  of  the  phosphorus. 

Sherman's  refining  process,  which  has  been  recently 
introduced  on  an  experimental  scale,  both  in  America  and 
this  country,  is  based  upon  the  use  of  iodine  or  iodide 
of  potassium  in  the  puddling  furnace,  very  small  doses 
being  said  to  produce  great  effects  in  the  removal  of 
phosphorus  and  sulphur.  Few  of  the  results  hitherto 
published  appear  to  justify  this  conclusion,  and  in  the 
absence  of  any  good  analytical  investigation  of  the  sub- 
ject, it  is  difficult  to  accept  the  process  as  being  any  great 
advance  towards  the  solution  of  the  problem  of  making 
good  steel  from  inferior  iron,  which  exercises  a  strange 
fascination  over  the  minds  of  a  large  class  of  inventors. 
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CHAPTER  XIV. 

PRODUCTION  OF  WROUGHT  IRON   IN   OPEN  FIRES. 

The  ntunerous  processes  employed  in  the  production  of 
malleable  from  cast  iron  are  diyisible  into  two  classes, 
according  to  the  nature  of  the  furnaces  employed, 
namely,  open-fire  or  hearth  fiMerieSy  where  the  pig  iron 
is  melted  and  decarburised  in  a  shallow  hearth  before 
the  blast  of  an  inclined  twyer,  and  reyerberatory  or 
puddling  finerieSy  where  the  same  operation  is  performed 
on  the  bed  of  a  reyerberatory  furnace.  The  reactions 
going  on  during  the  process  are  similar  in  either  case. 
The  carbon,  if  it  exist  originally  as  graphite,  first 
passes  into  the  combined  state,  and  is  then  conyerted 
into  carbonic  oxide  either  by  the  oxygen  of  the  blast, 
directly,  or  indirectly  by  the  action  of  protoxide, 
peroxide,  or  magnetic  oxide  of  iron  dissolved  in  the 
slag.  These  oxidising  agents  may  be  derived  from  the 
pig  iron  under  treatment,  which  is  always  oxidised  to  a 
certain  extent  imder  the  influence  of  the  blast  during 
the  melting,  or  they  may  be  added  in  the  form  of  red 
hematite,  forge  scale,  or  slags  containing  protoxide  of 
iron  in  large  quantity,  such  as  are  produced  towards 
the  end  of  the  finery  process  itself.  When  these 
latter  substances  are  used,  it  is  necessary  to  bring  them 
into  intimate  contact  with  the  metal  by  mixing  them 
well  together  when  the  charge  is  in  a  semi-fluid  con- 
dition. 

White  cast  iron  is  more  suitable  for  conversion  into 
malleable  iron  than  grey,  as  it  does  not,  when  raised  to 
a  high  temperature,  pass  immediately  from  the  solid  to 
the  liquid  state,  but  assumes,  when  near  its  melting 
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point,  an  intermediate  or  pasty  condition,  favourable  to 
the  more  eflfectual  action  of  the  air  or  other  agents 
employed  in  the  removal  of  the  combined  carbon. 
Grey  metal,  on  the  other  hand,  though  requiring  a 
higher  temperature  for  fusion,  becomes  very  liquid, 
and  in  a  deep  hearth  sinks  below  the  level  of  the  blast, 
and  becoming  covered  with  a  coating  of  slag,  is  com- 
pletely protected  against  the  action  of  the  air,  unless  it 
is  brought  under  the  influence  of  the  blast  by  stirring 
or  lifting  with  an  iron  bar,  an  operation  which  in- 
volves great  labour,  and  delays  the  fining.  This  gives 
rise  to  an  increased  expenditure  of  fuel  and  waste  of 
iron.  No  sensible  amount  of  decarburisation  takes  place 
until  the  whole  of  the  graphitic  carbon  has  entered 
into  combination  with  the  iron,  or  what  amounts  to 
the  same  thing,  until  the  metal  has  passed  from  the 
grey  to  the  white  state  :  this  conversion  is  an  essential 
preliminary  in  all  finery  processes  where  the  air  is 
introduced  above  the  surface  of  the  melted  metal. 

In  Bessemer's  process,  which  consists  essentially  in 
forcing  air  through   molten    pig    iron    from   below, 
exactly  the  reverse  conditions  prevail,  grey  pig  iron 
being  exclusively  used  on  accoimt  of  its  fluidity,  and 
probably  from  the  uncombined  carbon  being  readily 
consumed,  owing  to  the  extremely  high  temperature 
at  command.     As  the  removal  of  the  carbon  is  eflfected 
by  air  alone,  the  plastic  quality  of  white  iron  is   not 
requisite,  and  would  interfere  with  the  free  passage  of 
the  blast.     This  process,  although  of  great  importance 
in  8t.eel  manufacture,  is  not  directly  used  in  the  pro- 
duction of  malleable  iron ;   it  will  not,  therefore,  be 
necessary  to  consider  it  further  in  this  place,  it  being 
only  mentioned  to  show  the  great  practical  differences 
in  the  action  of  a  blast  of  air  upon  molten  cast  iron, 
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according  to  whether  it  be  made  to  act  from  above  or 
below  the  metal. 

Grey  pig  iron  is  often  subjected,  as  a  first  step  in 
the  process  of  making  malleable  iron,  to  a  preliminary 
oxidising  fusion  in  the  refinery  or  running-out  fire, 
which  is  a  rectangular  hearth  with  one  or  more 
strongly-inclined  twyers.  The  molten  metal,  after  a 
certain  amount  of  blowing,  which  deprives  it  of  its 
graphitic  carbon  and  silicon,  is  converted  intojine  or 
refined  metal,  and  may  either  be  run  directly  into  the 
finery  furnace  or  hearth,  cast  in  chilled  moulds,  or 
stripped  in  thin  flat  discs  by  throwing  water  upon  its 
surface  when  melted.  The  product  is  a  white  brittle 
metal,  resembling  the  cellular  or  flowery  white  pig  iron 
obtained  in  charcoal  furnaces  from  a  heavy  burden  of 
rich  ores ;  it  differs  from  common  or  white  cinder  pig 
iron  in  being  almost  free  from  silicon. 

The  application  of  the  terms  finery  and  refinery  is 
somewhat  contradictory :  the  latter,  though  apparently 
of  larger  signification  than  the  former,  refers  only  to 
a  single  step  in  the  process  of  making  malleable  iron, 
namely,  the  conversion  of  grey  into  white  cast  iron. 
In  Germany,  this  operation  is  distinguished  as  whiten- 
ing (weiss  machen),  and  the  finery  or  conversion 
proper  of  cast  into  malleable  iron  as  freshening 
(frischen).  The  same  term  is  applied  to  the  reduction 
of  metallic  lead  from  litharge,  an  operation  known  in 
England  as  reviving.  In  former  times  hearth  fineries 
were  usually  called  bloameries — a  term  having  refer- 
ence to  the  form  of  the  product,  which  was  called  a 
bloom  or  lump.  The  reheating  or  welding  fires  were 
called  chaferies. 

The  methods  of  making  malleable  iron  depending 
upon  the  use  of  open  fires  or  hearth  fineries,  though  of 
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great  interest  from  their  antiquity  and  comparatiYe 
simplicity,  are  gradually  diminishing  in  importance, 
owing  to  the  more  general  use  of  the  reverberatory  or 
puddling  process,  which  can  be  advantag^usly  em- 
ployed with  fuel  and  materials  of  a  lower  q.iiality,  and 
also  requires  less  skill  in  manipidation,  owing  to  the 
more  extensive  use  of  machinery  in  the  elaboration  of 
the  finished  product. 

In  a  general  way,  the  working  of  a  hearth  finery 
may  be  described  as  follows  :  the  charge  of  pig  iron, 
usually  in  the  form  of  broad  thin  slabs,  is  introduced 
into  a  shallow  rectangular  hearth,  whose  sides  and 
bottom  are  formed  of  cast-iron  plates,  which  are  pro- 
tected against  the  action  of  the  fire  by  a  lining  or 
brasque  of  charcoal  dust.  The  fuel  employed  is  char- 
coal, the  fire  being  urged  by  a  blast  of  cold,  or  some- 
times heated,  air,  introduced  through  an  inclined  twyer 
placed  on  one  of  the  sides  close  to  the  top  of  the 
hearth.  The  fiision  of  the  metal  is  allowed  to  take 
place  very  gradually,  so  that  it  may  be  exposed  as  fully 
as  possible  to  the  oxidising  influence  of  the  blast  by 
falling  in  single  drops  through  the  entire  height  or 
depth  of  the  hearth.  By  this  means  the  silicon  is 
converted  into  silica,  and  together  with  any  sand 
adhering  to  the  surface  of  the  pig,  combines  with 
protoxide  of  iron,  produced  at  the  same  time,  forming 
a  Aisible  silicate  of  protoxide  of  iron  or  slag,  which, 
being  specifically  lighter  than  the  molten  metal,  swims 
above  it.  As  ike  oxidation  of  the  iron  continues,  the 
slag  becomes  more  basic  by  the  addition  of  magnetic 
oxide  in  indefinite  proportions,  which,  when  the  whole 
mass  is  well  liquefied,  reacts  upon  the  carbon  of  the 
metal,  producing  malleable  iron  and  carbonic  oxide. 
Owing  to  the  intensely  oxidising  atmosphere  prevail- 
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ing  in  the  lieartli,  the  production  of  the  silicate  goes 
on  much  more  rapidly  than  its  reduction  by  combined 
carbon,  so  that  the  volume  of  slag  increases  to  such  an 
extent  as  to  form  a  coating  sufficient  to  protect  the 
metal  from  the  action  of  the  blast.  It  therefore  be- 
comes necessary  to  break  up  the  iron,  that  is,  to  lift 
the  imperfectly- refined  masses  from  the  bottom  of  the 
hearth  to  the  twyer,  in  order  to  subject  them  afresh  to 
the  joint  influences  of  the  blast  and  slag  as  often  as 
may  be  necessary,  until  the  carbon  is  almost  entirely 
removed.  With  the  progressive  decarburisation,  the 
fusibility  of  the  mass  diminishes,  and  ultimately  a 
spongy,  slightly  coherent  mass  or  hall  of  malleable  iron 
is  obtained,  which,  when  removed  from  the  hearth,  is 
at  a  strong  white  heat,  and  therefore  susceptible  of 
being  welded,  and  is  immediately  reduced  to  a  rough, 
prismatic  lump,  called  a  bloom,  or  a  slab,  by  the  blows 
of  a  heavy  hammer  moved  by  steam  or  water  power. 
The  bloom  is  drawn  out  into  a  finished  bar  under  the 
same  or  a  lighter  hammer,  after  reheating .  either  on 
the  same  hearth  during  the  melting  down  of  the  next 
charge,  or  in  a  fire  or  furnace  of  special  construction. 

The  simple  operation  sketched  out  in  the  preceding 
paragraph  is  susceptible  of  numerous  modifications. 
More  than  a  dozen  so-called  finery  methods  have  been 
described  by  Tunner  as  in  use  at  th«  present  day :  they 
are  for  the  most  part  confined  to  the  continent  of 
Europe.  As  may  be  imagined,  the  differences  between 
them  are  in  many  cases  extremely  small,  and  turn 
rather  upon  details  of  manipulation  than  actual  diversity 
in  principle  or  construction  of  apparatus.  The  most 
remarkable  point  in  connection  with  this  subject  is 
the  great  diversity  of  terms  used  in  different  districts, 
almost  every  locality  having  a  complete  set  of  its  own, 
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whicli,  as  a  general  rule,  are  only  current  within  a 
limited  area.  The  reason  of  this  becomes  apparent, 
when  we  consider  that  iron-making  in  the  olden  times 
was  carried  on  in  remote  districts,  where  wood  and 
water  power  could  be  easily  obtained,  as,  for  instance, 
in  the  valleys  on  the  flanks  of  great  mountain  ranges 
of  Central  Europe,  the  small  size  and  weight  of  the 
finished  bars,  &c.,  requiring  only  the  simplest  means 
for  conveyance  to  market,  such  as  could  be  found 
in  pack  animals,  without  even  the  necessity  for  roads 
passable  for  wheeled  carriages.  In  this  way  each 
district  may  have  developed  its  own  process  without 
knowledge  of  what  was  doing  in  the  same  matter  else- 
where ;  and  the  local  experience  would  be  incorporated 
as  a  technical  language,  whose  use  would  be  confined 
to  a  small  class  of  workmen  on  the  spot. 

The  introduction  of  the  puddling  furnace,  and  the 
necessity  of  good  roads  for  the  economic  transport  of 
materials  to  and  from  the  forge,  have  had  the  efifect  of 
bringing  iron  manufacture  from  the  seclusion  of  the 
valley  to  the  high  road,  and  as  a  consequence  of  the 
change,  an  almost  exact  uniformity  of  language  has 
been  introduced,  aU  the  terms  connected  with  the 
puddling  furnace  and  rolling  mill  originating  in  Eng- 
land having  been  adopted  in  foreign  countries,  in  many 
cases  even  without  alteration,  or  at  most  have  been 
literally  translated. 

The  gradually-increasing  scarcity  and  consequent 
rise  in  the  price  of.  wood,  together  with  the  increase 
of  facilities  for  conveyance  of  coal  to  works  at  a  dis- 
tance, have  led  to  the  abandonment  of  the  open-fire 
method  of  finery  in  many  districts,  as,  for  instance,  in  the 
Eifel  and  Walloon  coimtries ;  and  even  in  Scandinavia, 
although  carried  to  a  high  degree  of  perfection,  it  is 
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giving  way  before  the  puddling  and  other  modem 
processes,  which  are  susceptible  of  greater  economy  in 
working. 

The  numerous  methods  of  hearth  finery  which  hare 
been  alluded  to  above  may  be  classified  under  three 
heads,  according  to  the  number  of  times  that  the 
metal  requires  to  be  broken  up  or  lifted,  from  the  melting 
down  of  the  charge  to  the  preparation  of  the  ball  for 
hammering;  that  is,  as  single,  double,  or  manifold 
running-down  processes  {einmal,  zweimal,  or  mehrmal 
schmelzerei).  The  distinction  between  these  is  in  great 
part  due  to  the  number  of  furnaces  employed.  Thus  in 
the  last,  of  which  the  old  German  or  Walloon  forge 
may  be  taken  as  the  type,  the  three  operations  of  refin- 
ing, or  conversion  of  grey  into  white  metal,  lifting  and 
fining  proper^  or  breaking  up,  and  the  final  balling,  are 
performed  in  the  same  hearth ;  in  the  second,  or  double 
process,  the  metal  is  rim  into  the  finery  or  blooming 
hearth  from  a  melting  finery  or  running-out  fire ;  and 
in  the  first,  or  single  process,  which  is  used  in  Styria 
with  white  pig  iron  approximating  in  composition  to 
refined  metal,  the  removal  of  the  combined  carbon  is 
cfiected  chiefly  by  special  oxidising  agents  without 
much  working  before  the  twyer :  the  product  is  a  steely 
iron,  whose  excess  of  carbon  is  afterwards  removed  by 
subjecting  the  bloom  to  several  welding  heats. 

A  further  distinction  of  these  processes  is  founded 
upon  the  method  adopted  in  working  the  iron  as  it  fines, 
or,  as  is  said  in  English,  comes  to  nature.  Thus, with  metal 
of  a  good  quality,  the  whole  charge  may  be  allowed  to 
come  up  together  by  lifting  and  working  it  in  one  mass 
before  the  twyer,  whereas  with  a  lower  quality  the 
particles  of  iron,  instead  of  being  allowed  to  coalesce  as 
they  form,  are  broken  up  into  several  masses,  which, 
after  having  being  refined  separately,  are  worked  into 
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one  ball  as  before,  or  each  one  may  be  forged  alone 
into  a  bloom  of  smaller  size. 

The  slags  produced  in  the  earlier  part  of  the  pro- 
cess,  as  well  as  those  of  the  refinery,  as  a  rule  approxi- 
mate in  composition  to  tribasic  silicates  of  protoxide 
of  iron,  with  variable  quantities  of  manganese  and 
earthy  bases,  according  to  the  character  of  the  pig  iron 
under  treatment.  Towards  the  end  they  become  more 
basic,  and  at  last  a  difficultly-:hisible  substance,  contain- 
ing from  76  to  85  per  cent,  of  protoxide  of  iron,  remainB 
in  the  hearth.  This,  together  with  the  more  fluid,  but 
also  basic  slag  expressed  from  the  ball  by  hammering, 
is  employed  as  a  decarbmising  agent. 

The  construction  of  hearth  fineries  is  subject  to  a 
certain  amount  of  modification  in  difierent  localities. 
In  the  simplest,  or  old  German  forge,  ab'eady  alluded 
to,  the  top  of  the  hearth  is  near  the  ground  level,  and 
the  fiame  escapes  directly  into  an  open  hood,  like  that 
of  an  ordinary  smithy  fire ;  but  in  the  more  improved 
forms  adopted  in  the  Franche  Comt^  and  Lancashire 
forges  used  in  Sweden,  the  hearth  proper  is  covered 
with  a  cylindrical  roof,  and  communicates  by  a  lateral 
flue  with  a  brick  chimney.  A  portion  of  the  waste 
heat  of  the  flame  is  economised  by  causing  i(  to  pass 
over  the  pig  iron  forming  the  next  charge,  which  is 
placed  in  the  flue,  and  is  raised  to  a  strong  heat,  and 
partly  oxidised.  It  is  found  that  this  preliminary 
heating  causes  a  considerable  saving,  both  of  fiiel 
and  time,  in  the  subsequent  process  of  fining,  being 
somewhat  similar  in  effect  to  the  refinery.  The  flame 
isT  also  used  in  heating  the  blast,  for  which  purpose  a 
coil  of  cast-iron  pipes  is  placed,  either  above  the  hearth, 
or  between  it  and  the  base  of  the  chimney  stack. 

The  Bergamask  forge  process,  used  in  the  neigh- 
bourhood of  Bergamo,  Brescia,  and  Lecco,  in  Northern 
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Italy,  diflFers  from  those  already  noticed  by  the  large  use 
made  of  oxidising  substances,  and  may  be  regarded  as 
bearing  the  same  relation  to  them  that  the  modem  or 
boiling  system  of  puddling  does  to  the  original  or  dry 
process.  The  charge  of  pig  iron,  when  melted  and 
cleared  from  the  supernatant  cinder,  is  mixed  with  rich 
forge  slag,  which  reduces  it  to  a  pasty  consistency,  re- 
moved from  the  hearth,  and  cooled  with  water.  The 
partially-refined  product  is  then  exposed  in  smaU  por- 
tions in  the  same  hearth,  after  making  up  the  fire,  to  a 
low  heat,  su£Scient  to  agglutinate  the  iron  and  cinder 
into  a  cake,  which  is  again  taken  out  and  cooled.  In 
the  third  stage,  each  of  these  cakes,  or  cotizzi,  is  refined 
in  the  ordinary  way,  hut  with  the  addition  of  a  further 
quantity  of  rich  slag  or  cinder. 

Owing  to  the  intermittent  nature  of  the  process,  the 
hearth  having  to  be  twice  heated  and  cooled  in  each 
operation,  the  consumption  of  fuel  is  considerable,  being 
nearly  two  and  a  half  times  the  weight  of  the  finished 
bars.  The  loss  of  iron  estimated  on  the  pig  is  4^  per 
cent.,  or,  taking  into  account  that  contained  in  the 
cinder  added,  from  18  to  19  per  cent.  The  charge 
weighs  6  cwt.,  and  produces  in  one  operation,  lasting 
eighteen  hours,  about  eighteen  finished  bars,  weighing 
from  25  to  30  lbs.  each. 

The  pig  iron  employed  is  smelted  from  mangane- 
siferous  spathic  ores  occurring  in  the  triassic  rocks  near 
the  lake  of  Como,  in  stratified  masses,  of  which  five  are 
known,  the  greatest  individual  thickness  of  27  feet 
being  observed  in  the  bed  of  La  Manina,  in  the  valley 
of  Dezzo. 

In  South  Wales,  a  superior  quality  of  iron,  adapted 
for  rolling  into  thin  sheets  for  use  in  the  manufacture 
of  tin  plates,  is  made  in  the  charcoal  finery.      The 
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metal  treated  is  usually  of  a  good  class,  such  as  that 
smelted  with  an  .hracite  or  coke ;  in  the  latter  case,  with 
cold  blast  fron  Welsh  mine  or  hematite  pig.  The 
charge,  weighing  generally  from  6  to  6  cwt.,  is  first 
heated  in  a  small  coke  refinery  about  18  inches  square, 
with  two  twyers,  and,  after  the  requisite  amoimt  of 
blowing,  is  run  oflf  by  an  inclined  gutter  into  the 
charcoal  fineries,  of  which  there  are  two,  placed  in  front 
of  and  a  little  below  the  running-out  fire.  These 
hearths  are  made  of  cast-iron  plates ;  the  bottoms  are 
hollow,  and  cooled  by  a  current  of  air.  Three  of  the 
sides  are  vertical;  the  fourth,  or  working  side,  is 
slightly  inclined  upwards  and  outwards.  The  charge 
of  fine  metal  is  equally  divided  between  the  two  hearths, 
which  are  each  blown  by  a  single  twyer.  Although 
cold  blast  is  used,  the  nozzle  is  protected  by  water 
twyers,  both  in  the  refinery  and  charcoal  hearths. 
The  fining  appears  to  be  done  dry,  that  is,  without  the 
addition  of  slag  or  scale,  by  continual  breaking  up  and 
raising  the  iron  with  a  pointed  bar;  the  slag,  or  cinder,  is 
tapped  off"  two  or  three  times  during  the  operation^ 
which  lasts  from  one  hour  to  one  and  a  quarter.  The 
whole  of  the  charge  is  worked  into  a  single  ball, 
weighing  somewhat  less  than  2  cwt.,  which  is 
shingled  and  drawn  under  a  lever  hanmier  to  a  long 
bar,  about  1^  or  2  inches  thick,  and  then  broken  into 
pieces,  called  stamps,  weighing  about  J  cwt,  each, 
by  nicking  the  bar  half  through,  and  striking  the 
weakened  part  with  a  sledge  hammer.  This  method  of 
breaking  up  the  bar  affords  a  ready  means  of  selecting 
the  iron  by  the  appearance  of  the  fracture,  only  such  por- 
tions as  present  a  fine  uniform  crystalline  grain  being 
used  in  the  formation  of  the  pile  fix)m  which  the 
finished  sheet  is  made.     A  similar  process  of  stamping 
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and  selection  of  rougli  bars  is  in  use  in  tliose  forges  of 
the  West  Riding  of  Yorksliire  that  are  noted  for  the 
high  quality  of  their  malleable  iron. 

The  reheating  or  welding  of  the  stamps  is  effected 
in  a  special  furnace,  known  as  the  hollow  fivBy  interme- 
diate in  character  between  the  old  chafery  and  the 
modem  reheating  furnace.  It  consists  of  a  deep  rect- 
angular hearth  roofed  over  at  the  top.  The  upper 
part  forms  a  chamber,  in  which  the  piles  are  reheated. 
The  lower  part  of  the  hearth  is  filled  with  coke,  which 
is  burnt  by  a  blast  of  air  introduced  by  an  inclined 
twyer,  near  the  top  of  the  fuel,  in  the  ordinary  way. 
The  piles  consist  of  fragments  of  the  broken  bars,  or 
stamps,  obtained  in  the  preceding  operation,  and  are 
supported  on  a  flat  plate  or  staff  in  the  upper  part  of 
the  fire,  clear  of  the  top  of  the  fuel,  but  fully 
exposed  to  the  flame.  If  the  blast  is  introduced  at  a 
lower  point,  so  that  the  air  has  to  traverse  a  certain 
thickness  of  ignited  fuel,  the  conditions  of  combustion 
become  similar  to  those  of  a  gas  generator,  and  the 
Aimace  approximates  to  a  gas  reheating  furnace  with 
the  top  blast  omitted.  A  portion  of  the  waste  flame  is 
economised  by  the  use  of  a  second  heating  chamber, 
where  the  pile  receives  a  preliminary  heating  before  it 
is  brought  up  to  the  welding  temperature. 

In  Sweden,  three  principal  methods  of  charcoal 
finery  are  in  use :  the  German,  or  rather  Walloon,  the 
Franche  Oomt^,  and  the  Lancashire  processes.  The 
first  of  these  is  confined  to  those  forges  that  produce 
the  Dannemora  steel  irons.  The  hearth  is  not  covered, 
and  the  fining,  which  takes  place  in  a  bath  o/  slag,  is 
much  accelerated  by  almost  continuous  breaking  up 
and  stirring  of  the  molten  metal.  The  bloom  is  of 
small  size,  weighing  only  about  100  lbs.,  and  is  pro- 
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duced  in  from  twenty-five  to  thirty  minutes.  Tlie  pig 
iron  of  a  white  or  strongly-mottled  character  is  not 
charged  and  melted  down  in  one  quantity,  but  is  used 
in  the  form  of  slabs  or  bars  from  15  to  18  feet  long. 
Only  the  fore- end  of  the  slab  is  exposed  to  the  fire,  so 
that  the  metal  melts  and  runs  down  in  drops  before  the 
blast  like  sealing-wax  in  the  flame  of  a  candle,  the 
end,  as  it  wastes,  being  kept  in  the  same  position  by 
pushing  forward.  The  bloom  obtained  from  the 
previous  heat  is  reheated  for  the  first  time  in  the  fore- 
part of  the  hearth  during  the  period  of  melting,  being 
held  with  tongs  in  an  inclined  position :  the  subsequent 
heats,  to  the  number  of  six  or  seven,  required  in 
drawing  it  out  into  a  bar  imder  the  hammer,  are 
effected  in  a  separate  fire.  The  consumption  of  char- 
coal, is  very  large,  being  three  times  the  weight  of  the 
bar  iron  produced ;  the  loss  of  weight,  or  diflerence 
between  the  latter  and  the  pig  iron  used,  is  from  20  to 
25  per  cent. 

The  Franche  Comt^  and  Lancashire  processes  are 
conducted  in  covered  hearths  with  flues  for  heating  up 
the  charge  of  pig  iron  previous  to  melting,  and  stoves 
for  the  blast,  which  is  raised  to  a  temperature  of  about 
100^ ;  the  pressure  is  from  1  lb.  to  1^  lb.  The  princi- 
pal diffference  between  them  is  that  in  the  former  the 
reheating  of  the  bloom,  which  is  cut  into  two  pieces 
after  shingling,  is  efiected  in  the  same  fire,  while  in  the 
Lancashire  forge  either  a  second  hearth,  or  what  is 
now  more  usually  the  case,  a  gas- welding  furnace,  is 
lised  for  this  purpose.  The  proportional  yield  is  about 
the  same  in  both  cases,  the  weight  of  bar  iron  produced 
being  about  15  per  cent,  less  than  that  of  the  pig  ircn 
used.  The  consumption  of  charcoal  is,  under  the  most 
favourable  conditions,  about  the  same  in  either  pro- 
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cess,  being  one  and  a  half  times  the  weight  of  the 
finished  bars,  or  only  half  as  much  as  in  the  Wal- 
loon forge. 


CHAPTER  XV. 

REVERBERATORY   FINERY   OR  PXJDDLINO   PROCESS. 

The  use  of  the  reverberatory  furnace,  instead  of  the 
open  fire  or  hearth,  in  the  conversion  of  cast  into 
malleable  iron,  was  introduced  by  Cort  in  1784,  and  has 
now  almost  entirely  superseded  the  older  processes  in 
those  localities  that  are  chiefly  dependent  upon  mineral 
fuel.  Even  in  wooded  districts  its  use  is  becoming 
general,  more  especially  since  the  introduction  of  gas 
furnaces,  which  are  capable  of  being  worked  with  fuel 
of  inferior  quality  and  heating  power — such  as  wood, 
brown  coal,  peat,  &o. — when  converted  into  carbonic 
oxide,  such  substances  being  unfit  for  use  in  fineries 
where  the  heat  is  produced  by  combustion  of  the  fuel 
in  contact  with  the  iron. 

The  reactions  going  on  during  the  operation  of 
puddling  are  substantially  the  same  as  those  observed 
in  hearth  fineries,  the  decarburisation  of  the  pig  iron 
being  effected  by  the  joint  action  of  a  current  of  air 
produced  by  the  draught  of  a  chimney,  instead  of  being 
blown  in  under  pressure  from  a  twyer,  and  oxidising 
fluxes,  such  as  hematite,  magnetic  o:^ide  of  iron,  forge 
scale,  or  the  molten  slag,  a  highly  basic  silicate  of 
protoxide  of  iron. 

According  to  the  relative  importance  of  the  parts 
played  by  these  agents,  the  process  is  divided  into  dnj 
and  wet  puddling,  the  former  being  dependent  mainly 
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on  the  exposure  of  the  metal  to  the  action  of  the  air, 
while  in  the  latter,  which  is  more  generally  known  as 
the  pig-boiling  process,  the  slag  and  oxide  of  iron  added 
are  the  most  important  oxidising  agents. 

As  the  charge  of  melted  pig  presents  a  larger  surface 
for  the  same  weight  in  the  puddling  fiimace  than  is 
the  ^86  in  the  open  fire,  it  forms  a  thinner  layer,  and 
therefore  can  be  more  readily  brought  into  contact 
with  the  air ;  the  operation  of  fining  is  more  quickly 
performed ;  and  the  labour  of  lifting,  &c.,  although  very 
severe,  is  less  so  than  in  the  hearth  finery,  especially 
in  the  treatment  of  grey  iron.  The  conversion  of  the 
latter  into  white  metal  by  a  preliminary  i^sion  in  the 
refinery  is,  however,  equally  advantageous  in  either 
case. 

The  general  details  of  the  construction  of  the  pud- 
dling furnace,  are  shown  in  the' four  figures  (Fig. 
25),  A,  B,  c,  and  d.  The  fireplace  is  of  rectangular 
form,  built  of  fire-bricks,  and  divided  from  the  hearth 
by  a  low  wall  or  fire-bridge.  The  roof  of  the  famace 
is  curved  to  a  flat  arch,  and  is  generally  made  to 
slope  at  a  small  angle  towards  the  flue.  The  whole 
of  the  brickwork  is  cased  with  side  plates  of  cast 
iron,  united  by  flanges  and  bolts,  and  bound  together 
\^^th  wrought-iron  tie-rods  across  the  top.  The  bottom 
of  the  bed  is  formed  of  plates  of  cast  iron,  united  by  tenon 
joints,  and  supported  upon  dwarf  pillars  or  standards 
of  the  same  metal.  The  sides  of  the  bed  may  be 
variously  constructed,  the  differences  being  due  to 
variations  in  the  methods  of  artificial  cooling  adopted. 
In  the  furnace  in  question  they  are  formed  of  hollow 
iron  castings,  imited  into  a  rectangular  tube,  through 
which  a  current  of  air  circulates  for  the  purpose  of 
protecting  the  metal  against  the  intense  heat  of  the 
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fumaco  Tlie  bed  is  terminated  at  either  end  by  n 
straight  wall  or  bridge  that  nearest  the  fireplace  is 
called  the  Jire-hndge,  and  the  opposite  one  the  flue' 
bridge ,  both  are  built  of  fire-bnck,  overlapping  the  top 


of  the  side  frame,  so  as  to  form  a  recess  for  the  reccp- 
tion  of  the  refractory  material  used  in  lining  or  fettling 
the  sides. 

The  fire  grate  presents  no  peculiar  features ;  it  is 
made  of  plain  wrought-iron  bars  placed  horizontally, 
and  carried  at  either  end  by  transverse  bearers.  The 
depth  of  the  fireplace  varies  with  the  nature  of  thp 
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fuel  employed,  being  greatest  with  the  least  bituminous 
kinds  of  coal,  in  such  cases,  especially,  where  anthra- 
cite is  burnt.  A  forced  draught,  produced  by  blowing 
air  in  below  the  grate,  may  be  sometimes  used  to  ad- 
vantage. With  peat,  brown  coal,  or  slack,  inclined  or 
step-grates  are  used,  and  by  the  combination  of  these 
accessories  the  indirect  or  gas  furnace  is  produced. 
The  best  fuel  for  furnaces  with  ordinary  grates  is  coal 
of  a  dry,  non-caking  quality,  burning  with  a  long 
flame,  as  free  from  sulphur  as  possible.  The  surface  of 
the  grate  should  be  between  one-half  and  one-third  of 
that  of  the  bed,  which,  taking  the  latter  at  20  square 
feet,  would  give  from  7  to  8  square  feet.  The  amount 
of  coal  burnt  is  from  1^  to  2  cwt.  per  hour.  The 
charging  or  fire-hole  is  10  inches  above  the  grate ;  it 
has  no  door,  but  is  stopped  with  lumps  of  coal  when 
the  fire  is  lighted. 

The  flue  is  usually  built  with  a  slope  towards  the 
stack ;  the  sectional  area  varies  with  the  nature  of  the 
fuel,  being  about  one-fifth  of  that  of  the  grate  for  bitu- 
minous coal,  and  one-seventh  for  anthracite.  Some- 
times a  second  bed  is  placed  behind  the  flue-bridge, 
upon  which  the  pig  iron  destined  for  the  following 
charge  is  subjected  to  a  preliminary  heating  or  roast- 
ing, by  the  flame  passing  over  it  on  its  way  to  the 
stack,  in  order  to  save  time  in  the  subsequent  melting 
down.  In  like  manner,  when  a  blast  is  used  above  the 
grate,  as  in  gas  furnaces,  it  may  be  heated  by  meant 
of  a  coil  of  horizontal  V-shaped  pipes  of  cast  iron,  placed 
on  the  lower  part  of  the  stack  in  the  course  of  the 
flame,  or  by  circulation  through  the  hollow  side  frames. 

The  stack  is  usually  from  30  to  50  feet  high,  and  about 
20  inches  square,  when  it  serves  only  a  single  furnace ; 
but  when  the  several  flues  are  led  into  one,  especially 
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when  a  part  of  the  heat  is  taken  away  by  passing  the 
flame  tmder  steftm  boUers,  it  is  necessary  to  increase 
the  height  to  100  feet  or  more,  in  order  to  overcome 
the  additional  resistance.  The  walls  of  the  stack  are 
of  fire-brick,  with  an  outer  casing  of  common  brick- 
work, which  is  tapered  in  thickness,  being  set  back  in 
steps  at  two  or  different  heights;  the  lower  part  is 
often  supported  on  cast-iron  columns  or  standards. 
The  draught  is  regulated  by  a  flat  plate  or  damper  at 
the  top  of  the  stack,  attached  to  one  arm  of  a  lever, 
which  caa  be  raised  or  lowered  by  means  of  a  chain 
attached  to  the  opposite  arm,  which  hangs  nearly  down 
to  the  ground  level. 

The  working  door,  which  is  on  the  same  side  of  the 
furnace  as  the  fire-hole,  is  made  of  fire-clay  slabs  set  in 
a  cast-iron  frame,  and  is  suspended  by  a  chain  to  a  lever, 
carrying  a  coimterbalance  weight  at  the  opposite  end, 
in  order  that  it  maybe  readily  lifted  and  lowered.  It  is 
only  opened  during  the  introduction  of  the  charge  and 
the  removal  of  the  puddled  balls.  A  small  rectangular 
or  arched  notch,  called  the  stopper  hoUy  is  cut  out  of  the 
edge  for  the  introduction  of  the  tool  used  in  stirring  or 
rabbling  the  bath  of  metal.  The  sill  of  the  door  is 
about  10  inches  above  the  level  of  the  bottom  of  the  bed ; 
below  it  is  placed  the  tap-hole,  through  which  the  slag 
or  tap  cinder  is  withdrawn  from  the  hearth.  During 
the  operation  it  is  plugged  up  with  sand  in  the  usual 
way.  A  portion  of  the  cinder  also  overflows  the  flue- 
bridge,  and  runs  down  the  inclined  surface  of  the  flue 
to  the  bottom  of  the  stack,  where  it  is  allowed  to  accu- 
mulate. 

The  side  of  the  bed  opposite  to  the  working'  door 
is  of  a  curved  form^  and  is  not  directly  accessible  from 
the  exterior  in  the  ordinary  or  single  Aimaoe.     In 
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large  forges  it  is  usual  to  place  two  furnaces  togetlier 
in  one  block,  back  to  back,  with  their  working  sides 
facing  in  opposite  directions.  The  larger  or  double 
furnaces  have  working  doors  on  both  sides,  so  that  two 
sets  of  puddlers  can  work  at  the  same  time,  the  weight 
of  the  charge  being  of  course  proportionately  increased. 
In  some  few  instances  the  beds  have  been  made  of 
such  a  size  as  to  admit  of  working  from  four  points 
simultaneously.  It  is  doubtful,  howerer,  whether  any 
advantage  is  to  be  got  from  the  increased  dimensions, 
as  the  saying  of  fuel  and  time  claimed  can  only  be 
realised  by  employing  men  of  imiform  skill,  and 
capable  of  working  off  their  heats  in  exactly  the  same 
time,  otherwise  a  large  loss  of  iron  from  burning  is 
likely  to  ensue  when  one  man  brings  out  his  heat 
before  the  other. 

The  working  bed,  or  lining  of  the  hearth,  was  formerly 
covered  with  sand,  but  is  now  usually  made  of  re- 
fractory slags  rich  in  oxides  of  iron,  such  as  are 
obtained  at  the  end  of  the  process,  the  remains  of  old 
beds  of  a  similar  character,  mill  or  hammer  slag,  or 
burnt  scrap  iron.  In  making  a  new  bed,  the  cast-iron 
bottom-plate  is  covered  with  a  layer  of  broken  slags, 
3  to  5  inches  in  thickness,  which  is  then  softened 
by  long-continued  heating,  the  surface  being  rendered 
smooth  by  working  with  a  flat  bar  or  paddle.  When 
scrap  iron  is  used,  a  quantity  of  about  4  cwt.  is  thrown 
into  the  furnace,  which  is  then  raised  to  a  strong  heat. 
The  ball  formed  by  the  agglomeration  of  the  particles 
of  iron  is  worked  down  and  spread  as  uniformly  as 
possible  over  the  entire  bottom,  care  being  taken  to 
maintain  a  high  temperature  and  oxidising  atmosphere 
in  the  {ama/s^  during  the  operation.  The  thickness  of 
the  finished  coating  should  not  exceed  1^  or  Ij^  inches. 
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Sometimes  the  bottom-plate  is  coated  with,  a  thin  layer 
of  fire-clay  before  the  lining  is  introduced. 

Grey  pig  iron  should  not  be  puddled  alone  upon  a 
new  bed ;  the  first  charges  should  consist  of  scrap  iron 
or  waste  blooms,  and  refined  metal  in  small  quantities, 
until  the  refractory  lining  has  become  sufficiently  consoli- 
dated, by  continued  oxidisation  and  a  high  temperature, 
to  resist  the  solvent  action  of  the  silica  produced  &om 
the  oxidation  of  the  silicon  contained  in  the  pig  iron. 

The  side-plates  of  the  hearth  are  lined  or  fettled  in 
a  similar  manner  with  hulMogy  a  mixture  of  peroxide 
of  iron  and  silica,  produced  by  roasting  tap  cinder, 
hematite,  or  magnetic  iron  ore.  Limestone  is  sometimes 
used  for  this  purpose,  but  does  not  appear  to  be  gene- 
rally advantageous,  except  as  being  less  liable  to  waste, 
as  it  does  not  contribute  to  the  decarburisation  of  the 
metal,  and  thickens  the  slag,  and  may  prevent  welding, 
producing  a  red  short  iron  if  mixed  accidentally  with 
the  ball.  The  side  linings  are  subject  to  considerable 
wear,  and  require  to  be  repaired  after  each  heat.  For 
this  purpose  small  heaps  of  fettling  materials  are  placed 
by  the  side  of  each  furnace.  The  larger  holes  are  filled 
with  lumps  of  crushed  bull-dog,  after  which  the  surface 
is  made  smooth  with  ptMler^a  mine,  usually  a  soft  red 
hematite,  which  is  mixed  to  a  paste  with  water.  In 
Cleveland,  besides  the  ordinary  fettling  materials,  burnt 
pyrites,  residues  from  the  sulphuric  acid  works,  called 
"Blue  Billy,"  and  finely-crushed  Swedish  magnetic 
iron  ore,  are  in  use. 

Although  the  process  of  puddling  is  susceptible  of 
considerable  modification  according  to  the  nature  of 
the  pig  metal  employed,  and  that  of  the  iron  which  it 
is  desired  to  produce,  it  may  be  generally  stated  to  in- 
clude the  following  operations : — 
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1.  Melting  down  of  the  charge,  with  or  withom 
previous  heating. 

3.  Incorporation  of  oxidising  fluxes  with  the  charge 
at  a  low  heat. 

3.  Elimination  of  carbon,  by  stirring  the  contents  of 
the  ftimace  at  a  high  temperature. 

4.  Consolidation  of  the  reduced  iron  to  masses  or  balk 
fit  for  hammering. 

The  regulation  of  the  temperature,  and  the  amount  of 
air  passage  through  the  Aimace  by  the  damper,  is  a 
point  of  considerable  importance.  The  heat  requires  to 
be  greatly  raised  towards  the  end,  at  the  same  time 
preventing  an  unnecessary  influx  of  air,  whieh  would 
bum  the  iron  to  waste.  In  gas  fiimaces  this  is  done 
by  shutting  off  the  top  blast,  so  that  the  hearth  ib 
filled  with  an  atmosphere  of  heated  gas  containing 
unconsumed  carbonic  oxide. 

The  following  is  a  generalised  description  of  the  steps 
ordinarily  pursued  in  puddling : — ^When  the  fiimace  is 
charged,  the  working  door  is  shut  and  secured  in  position 
by  iron  wedges ;  sometimes  the  joint  is  luted  with  clay; 
the  fire  is  made  up  after  cleaning  and  pricking  the  grate ; 
the  fire-hole  is  stopped  with  lumps  of  coal  and  slack,  in 
order  that  no  air  may  enter  the  furnace  except  through 
the  space  between  the  grate  bars  during  the  period  of 
melting  down.  In  about  a  quarter  of  an  hour  the  metal 
begins  to  soften ;  the  puddler  then  introduces  a  bar  or  rab- 
ble through  the  opening  in  working  door,  and  moves  the 
unmelted  lumps  from  the  sides  into  the  middle  of  the  bed^ 
in  order  to  bring  the  whole  more  quickly  into  a  state  of 
uniform  fluidity,  the  fire  being  increased  at  the  same  time 
for  about  four  or  five  minutes.  As  soon  as  the  metal  is 
completely  melted,  it  is  rendered  uniform  by  stirring^ 
the  temperature  being  lowered  by  partially  closing  the 
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damper,  until  the  surface  of  the  bath  is  protected  by  a 
coating  of  slag  against  the  direct  action  of  the  air. 
The  amount  of  handling  required  in  this  part  of  the 
process  depends  upon  the  nature  of  the  metal  operated 
upon.  With  grey  pig,  which  requires  a  higher  tem- 
perature for  fusion,  but  which  runs  very  liquid,  the 
fragments  may  be  distributed  uniformly  over  the  bed, 
and  melted  down  without  being  moved,  if  the  furnace 
is  sufficiently  hot ;  but  otherwise,  a  pile  of  metal  is 
formed  close  to  the  fire-bridge,  and  as  the  temperature 
increases,  the  unmelted  portions  are  drawn  back  into 
the  centre,  and  pressed  down  below  the  surfazje  of  the 
slag. 

When  white  or  refined  metal  is  used,  it  is  said  to  be 
an  advantage  to  bring  the  furnace  to  a  high  heat  by 
firing  up  strongly  for  about  a  quarter  or  half  an  houi 
before  introducing  the  charge ;  the  fusion  takes  place 
more  rapidly,  and  with  less  oxidation  of  iron,  than  is 
the  case  in  the  ordinary  way. 

In  order  to  bring  about  the  reaction  of  the  slag  upon 
the  melted  metal,  it  is  necessary  to  incorporate  the 
whole  contents  of  the  furnace  well  together  after  melt- 
ing. For  this  purpose  the  temperature  is  lowered  by 
checking  the  draught,  or  even  throwing  water  upon 
the  metal,  the  charge  being  stirred  at  the  same  time. 
The  slag  is  also  reduced  to  a  more  basic  condition  by 
the  addition  of  scale  or  mill  cinder,  to  compensate  for 
the  silica  produced  from  the  oxidation  of  silicon  in  the 
pig,  which,  as  we  have  already  seen,  always  separates 
when  the  fusion  takes  place  in  an  oxidising  atmosphere. 
WTien  the  mixture  is  complete,  and  the  mass  is  some- 
what stiflFened,  the  reaction  of  the  oxide,  and  silicate 
of  iron  upon  the  combined  carbon  is  apparent  by  the 
escape  of  blue  flames  of  carbonic  oxide  ^  and  as  the 
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temperature  is  increaaed  by  opening  the  damper,  th« 
whole  of  the  surface  of  the  metal  commences  to  boil 
from  the  rapid  escape  of  gas,  and  rises  above  the  level 
of  the  working  door,  at  the  same  time  a  portion  of  the 
molten  slag  flows  out.  The  action  is  facilitated  by  con- 
stant stirring  with  the  rabble  or  hooked  bar.  The 
pnddler  searches  or  sweeps  every  portion  of  the  W 
by  moving  the  point  of  the  tool  in  curved  lines  from 
the  centre  outwards  towards  the  bridges  on  either  side, 
commencing  at  the  front.  The  sides  are  reached  by 
a  kind  of  scooping  action,  the  rabbles  being  worked 
against  the  door-frame  as  a  fulcrum.  The  tool  most 
be  changed  every  five  or  ten  minutes,  or  it  would 
soften  and  adhere  to  the  iron  if  left  too  long  in  tbe 
furnace.  When  taken  out  it  is  cooled  by  plunging  into 
a  cistern  or  fvater  bosh,  which  detaches  the  adherent 
cinder ;  the  point  is  afterwards  dressed  up  into  shape 
by  forging  with  a  light  hammer.  Usually  four  tools 
are  required  to  be  used  in  the  boiling  of  one  charge. 

As  the  carbon  diminishes  the  ebullition  becomes  Iobs 
violent,  and  the  bath,  from  its  reduced  fusibility  i^ 
spite  of  the  high  temperature,  begins  to  stiffen,  snd 
malleable  iron  separates,  or,  as  it  is  called,  comes  to 
nature  in  the  form  of  bright  points,  which  increase  to 
spongy  masses  projecting  from  the  bath  of  melted  slag. 
Owing  to  the  high  temperature  and  the  fine  state  oi 
division  in  which  it  is  exposed  to  the  oxidising  atmo- 
sphere of  the  furnace,  the  reduced  metal  is  raised  to  a 
brilliant  white  heat  by  partial  combustion.  At  this 
point  of  the  process  it  is  necessary  to  regulate  the 
fining  by  preventing  the  too  rapid  agglomeration  *of 
the  reduced  iron ;  the  whole  contents  of  the  ftimiice 
require,  therefore,  to  be  stirred  and  broken  up  again, 
so  that  every  part  may  be  brought  under  the  influence 
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of  the  high  temperature  preyailiDg  in  the  neighbour- 
hood  of  the  flue-bridge,  at  the  same  time  any  pasty 
lumps  of  iron  that  may  have  adhered  to  the  sides  are 
detached.  The  reduced  mass  is  subject  to  a  final  heat, 
in  order  to  facilitate  the  separation  of  the  cinder  by 
rendering  it  perfectly  fluid. 

The  last  operation  consists  in  forming  up  the  balls, 
which  is  done  by  detaching  from  the  reduced  iron 
masses  of  usually  from  60  to  80  lbs.  weight  each,  and 
pressing  them  together  with  the  tool  until  they  are 
sufiBciently  coherent  to  be  moved  without  falling  to 
pieces.  This  may  be  done  either  by  pressing  against 
the  bottom  and  sides  of  the  fiimace,  or  by  a  rolling 
motion,  the  iron  being  gathered  up  around  a  small 
nucleus  like  a  snow-ball. 

As  soon  as  a  ball  is  made  it  is  placed  close  against 
the  fire-bridge,  and  in  order  to  keep  it  out  of  the 
draught  of  air  between  the  working  door  and  the  flue, 
the  second  is  proceeded  with  until  the  whole  of  the 
charge  has  been  balled  up  ;  the  working  door  is  then 
closed,  and  the  final  heat  is  given. 

The  removal  of  the  balls,  which  are  of  a  roughly 
spherical  form,  after  they  are  drawn  to  the  working 
door  with  the  tool,  is  eflected  by  means  of  a  long  pair 
of  tongs  with  curved  jaws.  They  are  first  lifted  to 
the  table  in  front  of  the  working  door,  and  afterwards 
either  dragged  along  the  floor  or  carried  on  a  wrought- 
iron  truck  to  the  hammer,  or  such  other  shingling 
machine  as  may  be  employed.  After  the  removal,  and 
during  the  shingling  of  the  first  ball,  the  damper  and 
working  door  are  shut,  in  order  to  protect  those  re- 
maining in  the  furnace  from  unnecessary  waste  by 
oxidation  while  waiting  their  turn  for  hammering. 

The  old  system  of  puddling  pig  iron  on  a  dry  bed 
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k  only  applicable  to  white  or  refined  metal :  the  chief 
difference  between  it  and  the  method  of  boiling  consists 
in  the  comparatiyely  small  quantity  of  slag  formed. 
As  soon  as  the  metal  has  got  into  the  pasty  state  it  is 
broken  up  and  constantly  stirred,  in  order  to  incor- 
porate the  oxide  of  iron,  formed  during  the  melting 
down,  with  the  metal.  The  contents  of  the  furnace  are 
not  allowed  to  become  perfectly  fluid,  and  the  work 
goes  on  continuously  from  the  commencement  of  the 
stirring  to  the  balling  up.  Although  there  is  less  loss 
of  iron,  and  a  smaller  consumption  of  fuel,  owing  to 
the  rapidity  with  which  the  operation  is  performed, 
than  is  the  case  in  the  boiling  process,  the  iron  pro- 
duced is  likely  to  be  of  an  inferior  quality,  unless  a  very 
good  description  of  pig  is  used.  The  actual  use  of 
sand  bottoms  is  almost  obsolete,  as  they  give  rise  to  a 
great  waste  of  iron,  the  process  being  usually  conducted 
on  an  iron  bottom  with  a  thin  coating  of  cinder. 

According  to  Truran,  1  ton  of  puddle  bars  is  pro- 
duced by  21  cwt.  1  qr.  20  lbs.  of  fine  metal  by  the  dry 
puddling,  and  21  cwt.  3  qrs.  by  the  boiling  process. 
The  former  lasts  from  1  to  li  hours,  and  the  latter 
from  li  to  2 /hours. 

The  excellence  of  the  iron  produced  depends  mainly 
upon  the  prevalence  of  a  high  temperature  during  the 
period  of  boiling,  when  the  heat  is  continued  during 
the  balling  by  keeping  the  damper  open,  in  order  to 
maintain  an  oxidising  atmosphere  in  the  furnace  ;  de- 
carburisation  is  promoted,  and  soft  or  fibrous  iron  is 
obtained.  Oil  the  other  hand,  when  the  draught  is 
checked  after  boiling  by  partially  closing  the  damper, 
the  hearth  is  filled  with  neutral  or  I'educing  flame  from 
the  imperfect  combustion  of  the  gases  produced  by 
the  fuel,  and  a  further  elimination  of  carbon  is  pre- 
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vented.  The  result  in  this  case  is  a  hard  or  steely  iron, 
which  breaks  with  a  finely  crystalline  fracture,  f  Jid 
may  be  considered  as  intermediate  in  character  between 

.soft  iron  and  steeL  By  diminishing  the  time  of  boiling, 
and  working  at  a  low  temperature,  another  form  of 
granular  crystalline  iron  may  be  obtained,  which  is 
hard,  but  deficient  in  tenacity,  and  only  fit  for  the  body 
or  central  part  of  common  rails,  where  it  is  exposed 

"  chiefly  to  a  compressive  strain. 

Although  the  nature  of  the  iron  obtained  is  greatly 
dependent  upon  the  manipulation,  as  much  or  more  is 

'  due  to  the  quality  of  pig  iron  operated  upon.  The 
greater  the  amount  of  impurities,  especially  sulphur 
and  phosphorus,  the  longer  will  the  puddling  last,  and 
consequently,  the  greater  will  be  the  waste  of  metal. 

'  With  metal  of  low  quality  it  is  scarcely  possible  to 
produce  good  steely  iron,  as  the  decarburisation  must 
"be  pushed  to  the  utmost  in  order  to  remove  other 
foreign  substances. 

The  quantity  of  slag  produced  in  puddling  varies 

•  with  the  metal  treated.  With  grey  pig  it  is  greatest, 
as  the  combined  siKcon  takes  up  about  six  times  its 
weight  of  iron  in  order  to  form  a  fusible  silicate ;  while 
refined  metal,  having  been  previously  deprived  in  great 
part  of  its  silicon  in  the  refinery  fire,  makes  much  less. 
The  more  nearly  the  slag  approaches  in  composition  to 
a  neutral  (tribasic)  silicate,  the  greater  will  be  its 
fluidity,  and  the  less  its  decarburising  influence  upon 
the  molten  pig  iron,  as  compared  with  the  more  basic 
slags,  containing  peroxide  or  magnetic  oxide  of  iron 
in  excess,  which  are  produced  towards  the  end  of  the 
process.  The  presence  of  other  bases  in  the  slag,  espe- 
cially protoxide  of  manganese,  have  a  similar  effect  in 
preventing  the  removal  of  carbon,  as  they  increase  the 
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fluidity,  60  that  the  bath  of  molten  slag  acreens  the 
surface  of  the  metal  from  the  direct  action  of  the  air, 
without  introducing  the  compensating  oxidising  agency 
of  kindred  oxides  upon  the  combined  carbon,  oxide  of 
manganese  being  undecomposable  by  carbon  in  an 
oxidising  atmosphere.  It  is  on  account  of  Hub  pro- 
perty that  the  presence  of  manganese  is  of  great  Talue 
in  pig  iron  which  is  intended  to  be  converted  into  steel 
by  puddling. 

As  the  fluidity  of  puddling-fumace  slags  diminishes 
with  the  increase  of  bases,  it  is  advisable  not  to  work 
with  refined  metal  alone,  as  in  that  case  the  hearth 
bottom  becomes  covered  after  a  time  with  an  almost 
infusible  layer  of  highly  basic  slag,  like  the  bull^dog 
used  in  fettling.  This  inconvenience  is  to  be  avoided 
by  adding  a  certain  proportion  of  grey  or  white  pig 
iron  containing  silicon  to  the  charge  of  fine  metal 
Under  ordinary  circumstances,  in  puddling  grey  pig, 
the  cinder  is  tapped  off  at  every  second  heat ;  but  with 
fine  metal  the  quantity  formed  is  so  small  that  it  may 
remain. 

The  chemical  changes  involved  in  the  process  of 
puddling  have  been  investigated  by  Calvert  and  John- 
son, Lan,  Schilling,  and  Drassado,  both  in  England, 
France,  and  Germany.  The  method  followed  by  these 
chemists  was  similar  in  all  cases.  Samples  of  the  iron 
and  slag  taken  from  the  furnace  at  different  times 
during  the  puddling  of  one  charge  were  analysed,  and  the 
results  tabulated.  The  order  in  which  the  foreign 
bodies  are  removed  can  then  be  seen  by  comparison  of 
the  analyses,  assuming,  of  course,  that  the  samples  re- 
present the  average  composition  of  the  contents  of  the 
&mace  at  each  period.  In  the  boiling  process,  the 
o^cidation  of  carbon  is  effected  chiefly  in  an  indirect 
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inanxier  by  an  excess  of  protoxide,  or  rather  maguetic 
oxide,  of  iron  contained  in  the  slag,  which  oscillates  in 
composition  from  a  more  acid  to  a  more  basic  character 
at  different  stages  of  the  process.  Thus  the  amount  of 
silica  in  the  slag  may  be  increased  absolutely,  at  the 
commencement  of  the  process,  by  the  oxidation  of  silicon 
during  the  melting  of  the  pig  iron ;  and  relatively,  during 
the  boiling  part  of  the  process,  owing  to  the  partial 
reduction  by  the  carbon  of  the  pig  iron  of  the  oxides  of 
iron  held  in  combination.  On  the  other  hand,  the 
slag  becomes  more  basic  towards  the  end,  when  the 
carbon  has  been  removed,  and  the  reduced  iron  com- 
mences to  bum,  owing  to  the  intense  heat  necessary 
during  the  operation  of  balling.  The  removal  of  the 
foreign  matters  in  combination  with  the  iron  takes 
place  in  the  following  order:  first,  silicon;  then  man- 
ganese, then  phosphorus ;  and,  lastly,  sulphur ;  the  latter 
element  being  most  difficultly  removable.  In  the  treat- 
ment of  grey  pig  iron,  the  graphitic  carbon  is  trans- 
formed into  the  combined  condition  after  the  removal 
of  the  silicon  during  the  melting  of  the  charge ;  a 
change  that  has  already  been  noticed  as  occurring  at 
the  same  stage  in  all  refinery  processes. 

The  cause  of  the  removal  of  phosphorus  from  iron  in 
the  puddling  process  is  not  well  explained.  Percy 
supposes  that  it  may  be  effected  by  liquation  as  a  fusible 
phosphide  of  iron,  which  sweats  out  of  the  pasty  mass  of 
the  ball  and  passes  into  the  slags,  where  the  phosphorus 
is  oxidised  to  phosphoric  acid.  When  a  sufficiently 
high  temperature  can  be  commanded  to  melt  malleable 
iron,  as  is  the  case  in  Bessemer's  process,  the  whole  of 
the  phosphorus  present  in  the  pig  iron  is  retained  in 
the  product.  This  appears  to  be  true  for  any  kind  of 
iron. 
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The  addition  of  oxidising  fluxes  other  than  the  com- 
pounds of  iron  already  noticed  has  been  advocated  as 
a  method  of  improving  iron  in  the  puddling  farnace. 
The  chief  of  these  is  the  mixture  of  salt,  peroxide  of 
manganese,  and  clay,  known  as  Schaf  haiitFs  powder, 
which  is  recommended  as  an  addition  in  the  boiling 
process,  at  the  rate  of  about  14  lbs.  to  an  ordinary  charge 
of  3  J  or  4  cwt.  of  pig  iron.     The  oxygen  given  off  by 
the  peroxide  of  manganese  and  the  chlorine  of  the 
are   said  to   act   directly  upon  arsenic,  sulphur, 
phosphorus,  with  the  production  of  oxides  or  voktile 
chlorides ;  while  the  bases,  alumina,  protoxide  of  man- 
ganese, and  soda,  pass  into  the  slag,  giving  it  increased 
fluidity.     The  latter  is  probably  the  true  reason  of  the 
efficacy  of  this  flux.     Sulphate  of  iron  has  also  been 
recommended  for  the  same  purpose. 

In  Staflbrdshire  two  hands  (puddler  and  underhand), 
in  a  turn  of  twelve  hours,  work  off  from  five  to  seven 
heats,  the  charge  being  from  4  to  4|  cwt.  The  smaller 
niunber  refers  to  grey  pig,  and  the  larger  to  mixtures 
containing  from  one-third  to  one-fourth  by  weight  of  fine 
metal.  The  loss  of  weight  between  the  pig  iron  charged 
and  the  puddled  blooms  or  bars  produced  is  from  h 
to  2  cwt.  per  22  cwt.  of  pig  metal,  or  from  7  to  10  per 
cent.  The  coal  burnt  amounts  to  between  20  and  22 
cwt.  per  ton  of  puddled  bars.  The  fettling  materiala 
required  in  the  turn  of  twelve  hours  for  keeping  the 
bed  in  proper  order  are  from  6  to  7  cwt,  of  bull-dog, 
and  2  to  3  cwt.  of  puddler's  mine,  in  addition  to  the 
mill  scale  added  to  the  charge. 

In  Scotland,  where  dark  grey  metal  rich  in  silicon 
is  used  without  being  previously  refined,  only  from 
four  to  five  heats  of  4  cwt.  are  made  in  the  same  time. 
The  loss  of  weight  is  from  15  to  18  per  cent,  from  pig 
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iron  to  puddled  bars,  and  the  consiimption  of  coal  per 
ton  of  the  latter  from  25  to  26  cwt.  When  mixtures 
of  fine  metal  and  grey  forge  pig,  partly  Scotch  and  parti; 
hematite,  are  used,  the  results  are  generally  similar  to 
those  obtained  in  Staffordshire.  In  Cleveland,  the 
consumption  of  small  coal  (nuts)  is  from  24  to  27  cwt. 
per  ton  of  puddled  bars.  The  whole  of  the  above 
quantities  are  in  long  cwts.  of  120  lbs.  each. 

In  the  West  Eiding  of  Yorkshire,  in  the  neighbour- 
hood of  Leeds  and  Bradford,  a  very  high  quality  of 
wrought  iron  is  made  from  cold  blast  refined  metal  by 
puddling  in  small  heats,  the  stirring  being  continued 
longer  than  is  usually  the  case,  in  order  to  obtain  uni- 
formity in  the  product.  Tho  furnace  is  of  comparatively 
small  size,  with  a  very  high  btack,  in  order  to  command 
a  strong  heat.  The  charge,  weighing  3  cwt.,  is  heated 
to  redness  before  its  introduction  to  the  puddling 
famace,  so  that  the  melting  down  requires  only  from 
twenty  to  twenty-five  minutes,  and  the  whole  operation 
about  one  hour  and  twenty  minutes:  nine  heats  are 
made  in  twelve  hours.  The  balling  is  performed  as 
much  as  possible  in  a  reducing  atmosphere,  by  closing 
the  damper,  as  the  iron  is  of  a  bright  crystalline  steely 
character,  and  is  not  decarburised  to  the  same  extent 
as  ordinary  fibrous  iron.  Only  three  or  four  balls, 
weighing  from  80  to  90  lbs.  each,  are  obtatned  in  one 
heat,  which,  after  shingling  under  a  helve  hammer 
into  plates  or  stamps  from  10  to  12  inches  square,  and 
about  2i  inches  thick,  are  broken  into  pieces  by  blows 
from  a  heavy  weight  falling  from  a  considerable  height. 
These  pieces  or  stampings  are  assorted  according  to  the 
fracture  ;  those  that  are  most  uniformly  crystalline  are 
reserved  for  the  manufacture  of  hard  bars,  such  as 
railway  tires,  while  those  showing  fibre  are  better  fitte'^ 
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for  makiiig;  boiler  plates  aud  wixe  rods.  The  conBump- 
tion  of  coal  is  very  large,  being  30  cwt.  per  ton  of  fine 
metal  treated,  or  37J  cwt.  per  ton  of  blooms  produced 
When  the  double  tumace  is  used  the  charg;e  is  twice 
the  ordinary  weight,  or  irom  6  to  8  cwt.,  the  tim* 
required  for  working  off  the  heat  being  the  same. 

In  Belgium  the  average  weight  of  the  charge  la  230 
kilogra.  (4'6  cwt.,  short  weight).  According  to  the 
quality  of  metal  employed,  the  time  required  for  each 
heat  is  from  IJ  to  2|  hours, — ^namely,  2J  to  2J  hours 
with  grey  pig,  IJ  to  2J  hours  with  white  pig,  and  IJ 
to  2^  hours  with  fine  metal.  The  losa  of  weight  is 
from  7  to  10  per  cent.  The  coal  burned  is  equal  in 
weight  to  that  of  the  puddled  bars  produced. 

The  general  arrangements  of  a  gas-puddling  furnace, 
used  in  Cariathia  are  represented  in  the  longitudinal 
Bection,  Fig.  26,     The  fuel  ie  air-dried  wood,  which  is 
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converted  into  combustible  gas  in  the  generator  a,  a 
rectangular  chamber,  lined  with  fire-brick,  of  a  capacity 
of  about  14  cubic  feet,  by  a  stream  of  air  introduced  at 
a  pressure  of  half  an  inch  of  mercury,  through  the  lower 
branch  of  the  blast  main  at  ft.  The  combustion  of  the 
gases  is  effected  by  a  second  blast,  introduced  imme- 
diately above  the  fire-bridge,  through  the  inclined  twyer 
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c,  whioh.  is  of  an  oblong  form,  extending  completely 
across  the  bridge,  with  an  aperture  of  7  inches  in 
depth.  By  previously  circulating  through  the  hollow 
space  in  the  cast-iron  side  plates  of  the  bed,  the  air 
is  heated  to  a  temperature  of  200°,  producing  a  much 
more  active  combustion  than  is  the  case  when  the  gases 
are  burnt  with  cold  air.  A  second  bed  is  used  for 
heating  up  the  metal  for  the  following  charge  by  the 
waste  flame  diuiag  the  period  of  balling,  an  arrange- 
ment that,  as  has  already  been  stated,  is  found  to  save 
both  time  and  fuel.  The  remaining  details  do  not  call 
for  any  particular  remarks,  being  of  the  ordinary  kind 
adopted  elsewhere. 

In  Styria,  where  lignite  is  used  for  puddling,  the 
consumption  is  from  22  to  24  cwt.  per  ton  of  blooms, 
a  result  that  is  highly  favourable,  not  exceeding  the 
average  of  furnaces  where  coal  is  burnt,  allowance  being 
made  for  the  diflference  in  calorific  value  of  the  two 
classes  of  fuel.  This  is  in  great  part  due  to  the  high 
quality  and  small  amount  of  carbon  and  silicon  in  the 
pig  iron  operated  upon.  The  heat  of  4  cwt.  is  worked  off 
in  an  hour,  having  been  brought  to  an  orange-red  heat 
before  melting  by  exposure  in  a  second  hearth,  during 
the  balling  of  the  preceding  charge.  The  loss  of 
weight  on  the  metal  is  from  6  to  10  per  cent. 

When  peat  is  used,  from  240  to  360  cubic  feet  are 
required  in  the  production  of  a  ton  of  blooms,  or  from 
200  to  280  cubic  feet  of  wood.  From  the  published 
accounts  of  the  working  of  furnaces  using  these  fuels, 
there  does  not  appear  to  be  much  difference  whether 
they  are  burnt  on  a  grate,  or  previously  converted 
into  gas,  in  the  manner  described  above.  The  most 
economical  work  appears  to  be  at  Neuberg,  in  Styria, 
where  only  100  cubic  feet  of  air-dried  wood  are  con- 
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sumed  in  the  production  of  a  ton  of  blooms.  The 
metal,  of  a  white  or  strongly  mottled  character,  smelted 
with  charcoal  from  spathic  ore,  is  puddled  in  a  double 
furnace,  in  charges  of  8  cwt.  ;  the  heat  lasts  two 
hours,  the  loss  of  weight  being  from  5  to  6  per  cent. 
At  Lippitzbacb,  in  Tyrol,  one  ton  of  blooms  is  pro- 
duced from  1*047  tons  of  pig  iron,  with  a  cK>nsiiniptioii 
of  1*011  tons  of  wood  scorched  or  torrefied. 

In  Staffordshire,  a  certain  quantity  of  scrap  iron  is 
sometimes  added  in  the  puddling  Aimace,  in  order  to 
improve  the  quality  of  the  product  as  soon  as  the  iron 
comes  to  nature.  When  the  fragments  are  at  a  white 
heat,  they  are  incorporated  with  the  contents  of  the 
furnace,  which  are  then  balled  up  in  the  ordinary  way. 
It  is  obvious  that  if  the  scrap  added  be  of  good  quality, 
it  will  have  a  beneficial  effect,  by  spreading  the 
absolute  amount  of  impurities  contained  in  the  puddled 
iron  over  a  greater  weight  of  finished  iron,  and  thus 
producing  a  relatively  purer  article. 

The  work  of  the  puddling  furnace  is  divided  between 
the  puddler  and  his  underhaad :  the  latter  attends  to 
the  firing,  and  also  does  part  of  the  stirring  or  rabbling  ; 
the  last  and  heaviest  portion  of  the  work,  together  with 
the  forming  the  balls,  being  usually  done  by  the  former. 
The  tools  employed  are  principally  of  two  kinds, 
namely,  long  straight  chisel-edged  bars  or  paddles,  and 
hooked  bars  with  similar  flat  ends  or  rabbles,  weighing 
about  60  lbs.  each.  The  number  of  tools  used  in  the 
working  of  one  charge  depends  upon  the  quality  of  the 
iron,  and  may  vary  from  three  or  four  to  eight,  accord- 
ing to  the  amount  of  work  required.  When  with- 
drawn from  the  furnace,  the  points  are  coated  with 
molten  cinder,  which  is  removed  by  quenching  the  bar 
into  a  cistern  of  cold  water  or  water  bosh,  placed  by  the 
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side  of  the  stack.  The  cinder  deposited  at  the  bottom 
of  the  bosh  is  afterwards  added  to  the  charge  in  the 
boiling  process. 

In  order  to  lessen  the  great  amount  of  labour  involved 
in  working  the  charge,  various  mechanical  appliances 
liave  been  proposed  in  substitution  for  manual  puddling, 
but  these  have  not  as  yet  been  adopted  to  any  great 
extent.     The  different  plans  proposed  for  this  purpose 
may  be  classified    under   two  heads,   namely,   those 
imitating  the  motions  of  hand-stirring,  by  moving  tho 
tool  through  a  curved  path  by  a  combination  of  recipro- 
cating rotatory  mechanism,  and  those  using  rotating  or 
oscillating  hearths.    Of  the  latter  kind  are  the  furnaces 
proposed  by  Tooth,  Menelaus,  Bessemer,  and  others. 
The  molten  iron  is  fined  by  exposing  it  to  oxidising 
influences  in  a  cylinder  lined  with  clay,  or  other  re- 
fractory material,  occupying  the  position  of  the  hearth 
in  an  ordinary  puddling  furnace,  which  receives  a  slow 
movement  of  rotation  about  its  long  axis.     The  charge, 
in  addition  to  being  turned  over,  is  traversed  from  end 
to  end  of  the  cylinder  by  inclining  the  lining  from 
the    fireplace   to  the    flue,  and  in  the  reverse  direc- 
tions at  opposite  points  of  the  circumference.     The  ball 
is   withdrawn    from    the    furnace    by  removing    the 
puddling  chamber,  and  tilting  it  up  on  end.     These 
furnaces  have  not  hitherto  been  successful,  owing  to 
the  difficulty  of  getting  linings  to  stand  the  scouring 
action  of  the  metal.     Menelaus  fbimd  the  best  material 
for  this  purpose  to  be  titaniferous  iron  ore,  which  was 
used  in  solid  blocks.     The  ordinary  fettKng  materials, 
such  as  bull-dog,  were  quite  useless.    Bessemer's  fiimace 
has  an  egg-shaped  puddling  chamber,  mounted  at  the 
top  of  a  rocking  frame.     The  flame  of  the  fuel  is  in- 
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troduoed  through  one  of  the  trunmons,  and  passes  oat 
through  the  opposite  one. 

One  of  the  simpleet  of  the  £r8t  class  of  contriTaoces 
or  mechanical  stirrers,  by  Eastwood,  is  represented  in 
Fig.  27.  The  rabbling  tool,  a,  ia  suspended  in  a  stirrup 
at  the  end  of  the  longer  arm  of  a  hent  lever,  which 
receives  an  alternating  motion  by  a  rod,  b,  connected 
with  a  crank  on  the  main  driving  sha^  The  centre 
of  oscillation  of  the  bent  lever  is  placed  at  the  end  of 
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an  inclined  jih,  which  can  be  moved  laterally  through 
a  small  arc  by  another  rod,  e,  working  on  a  pin  attached 
to  a  screw-wheel,  d,  driven  by  a  worm  on  the  main 
shaft.  The  action  is  as  follows : — Motion  is  given  by 
a  chain  passing  over  a  pulley  in  the  main  shaft  at  e. 
The  rabble  is  moved  hackwu^  and  forwards  across 
the  hearth  once  in  each  revolution,  at  the  same  time 
that  its  centre  is  shifted  by  the  movement  of  the  jib 
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through  a  small  distance  by  the  screw  gearing,  thus 
producing  a  compound  motion  in  the  tool,  and  causing 
it  to  travel  over  every  portion  of  the  furnace  bottom. 
The  machine  is  bolted  to  the  back  of  the  casing  plate 
on  the  working  side  of  the  furnace ;  the  driving  pulley 
is  connected  with  the  shaft  by  a  fast-and-loose  clutch, 
/,  so  that  it  may  be  readily  put  in  and  out  of  gear 
as  required. 

EUerhausen's  process  for  simplifying  the  work  of  the 
puddler,  by  the  use  of  an  intimate  mixture  of  pig  iron 
and  oxydising  substances,  such  as  hematite  or  mag- 
netite, resembles  the  first  operation  of  the  Berganask 
forge  process,  with  this  difierence,  that  the  mixture  of 
molten  iron  and  finely-divided  flux  is  made  mechani- 
cally, instead  of  by  manual  labour  on  the  hearth.  The 
east  iron  is  run  directly  from  the  blast  furnace,  through 
a  gutt-er,  which  delivers  it,  in  a  broad  thin  stream,  into 
an  ingot  mould;  a  similar  stream  of  finely-divided 
hematite  or  magnetic  ore  being  supplied  simultaneously 
through  another  channel.  In  this  way  a  porous  mass, 
known  as  a  pig  bloom,  is  obtained,  weighing  not 
quite  1  cwt.  The  moulds  form  a  ring  on  the  circum- 
ference of  a  cast-iron  table,  divided  into  54  partitions, 
and  about  2  feet  long  and  8  inches  deep,  which  rests 
upon  friction  rollers,  and  is  slowly  revolved  by  steam 
power,  so  as  to  bring  each  division  in  succession  under 
the  channel  supplying  the  metal  and  ore.  The  table 
makes  four  revolutions  per  minute,  and  the  total  weight 
of  the  54  blooms  is  50  cwt.  At  Dowlais,  where 
the  process  was  tried  experimentally,  considerable  diffi- 
culty was  sometimes  experienced  in  breaking  up  the 
blooms  in  the  puddling  furnace,  and  a  Blake's  rock- 
breaker  was  tried,  for  the  purpose  of  reducing  the  size 
of  the  blooms  before  charging  them.     The  best  results 
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were  obtained  with  the  use  of  15  per  cent,  of  red  hema- 
tite and  5  per  cent,  of  coke,  vl^en  an  increased  yield 
of  about  4  per  cent,  over  that  of  the  ordinary  process 
was  obtained.  When  the  amount  of  ore  added  was  I 
larger  the  furnace  worked  cold,  and  the  slag  was  not 
suflSciently  fluid,  and  the  work  was  harder  than  ordinary 
puddling.  This  process,  though  found  advantageous  in 
America,  on  account  of  the  saving  in  labour,  has  not 
been  adopted  in  this  country. 

According  to  Parry,  the  amount  of  phosphorus  con- 
tained in  puddled  iron  is  from  20  to  25  per  cent,  of 
that  originally  present  in  the  pig  iron,  and  of  sulphur 
about  20  per  cent.     If,  therefore,  the  iron  so  obtained 
is  reconverted  into  pig  iron  by  Vision  with  carbon, 
taking  care   that  neither  sulphur  nor  phosphorus  is 
re-introduced,  the  proportion  of  these  substances  in  the 
iron  obtained  from  the  purified  metal  by  a  second 
puddling  will  be  almost  inappreciable.      Thus,  if  i^ 
the  first  instance  the  mine  pig  contained  0*76  per  cent, 
of  phosphorus,   this  would  be  reduced  on  the   first 
puddling  to  0*15  per  cent.,  and  on  the  second  to  0'03 
per  cent.    Parry's  process  of  double  puddling  is  founded 
upon  the  above  property.     The  material  treated  is  the 
waste  produced  in  finishing  bar  iron,  known  as  crop 
ends  ;  these  are  melted  with  coke  in  a  cupola  furnace, 
differing  from  that  ordinarily  used  by  iron-founders 
in  having  a  strongly-inclined  twyer,  in  addition  to  the 
ordinary  horizontal  one,  through  which  the  blast  is  in- 
troduced.   It  is,  in  fact,  a  combination  of  a  blast  fiimace 
with  a  refinery,  and  the  product  is  very  similar  to  that 
obtained  in   refining  with  coke,  namely,  a  metal  of 
low  degree  of  carburisation,  almost  entirely  free  from 
silicon.      This    is    run    into   moulds,   and   afterwards 
puddled  in  the  usual  way, 'giving  a  pure  quality  of 
•>h  it  is  suggested  may  be  still  further  im- 
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proved  by  repeating  the  fusion  in  the  cupola,  and 
puddling  a  third  time.  The  consumption  of  coke  is 
at  the  rate  of  about  30  or  40  per  cent,  of  the  weight 
of  the  scrap  iron  converted.  It  is,  of  course,  necessary 
to  prevent  the  iron  taking  up  sulphur  from  the  ash  of 
the  coke  by  a  proper  addition  of  limestone  or  other 
appropriate  fluxes  in  the  cupola.  For  this  purpose,  it 
is  suggested  that  the  coke  may  be  impregnated  with 
salt  or  carbonate  of  soda  by  steeping  it  in  a  solution  of 
these  salts  for  some  time  before  it  is  required  for  use 


CHAPTER  XVI. 

PORGE   AND   MILL   MACHINERY. 

The  machines  used  in  the  compression  and  welding  of 
the  rough  balls  of  malleable  iron  into  blooms  are  of  two 
different  kinds,  namely,  hammers  and  squeezers,  th^ 
former  acting  by  percussion,  and  the  latter  by  compres- 
sion. In  addition  to  these,  it  is  usual  in  puddling  forges  to 
reduce  the  blooms  obtained  by  hammering  or  squeezing 
to  rough  bars  by  passing  them  at  the  same  heat  through 
a  rolling  mill. 

By  the  term  forge  is  usually  understood  those  portions 
of  iron  works  which  are  intended  for  the  production  of 
puddled  blooms  or  rough  bars,  including  the  puddling 
furnaces,  shingling  machines,  and  puddling  rolls.  The 
remaining  portion  of  the  works,  where  the  rough  bars 
are  reheated  and  reduced  to  finished  or  merchant  iron, 
is  known  as  the  mill,  and  includes  the  reheating  or 
balling  furnaces,  and  the  various  kinds  of  rolling  mills 
and  finishing  machinery  employed  in  the  production 
of  plates,  bars,  and  other  merchantable  products. 

p3 
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The  oldest  and  simpleBt  class  of  maclimes  used  in 
forging  blooms  are  lever  hammers.     These  are  of  two 
classes,  namely,  tilt  hammers,  where  the  axis  is  between 
the  point  of  application  of  the  cam  and  the  head,  and 
helves,  or  lift  hanuners.  In  the  former,  the  liead  is  placed 
near  the  end  of  the  linger  arm,  while  the  cam  acts  at 
the  end  or  tail  of  the  shorter  one.    In  lifting  hammers, 
or  helves,  the  hammer  block  and  the  liftings  cam  are 
placed  on  the  same  side  of  the  Mcrum.  These^  again,  are 
of  two  kinds — ^the  tenant,  nose,  or  frontal  helve,  where 
the  cam  acts  upon  a  tongue  immediately  in  front  of  the 
hammer-block,  corresponding  to  a  lever  of  the  second 
order,  and  the  belly  helve,  which  has  the  cam  shaft 
placed    below  the  floor,    and    acting  about    midway 
between  the  fulcrum  and  the  head,  forms  a  lever  of 
the  third  order,  so  that  the  anvil  is  free  on  three  sides. 
In  all  of  the  preceding  varieties  the  axis  of  rotation 
of  the  cam  ring  is  placed  at  right  angles  to  the  line 
of  the  hammer.     Besides  these,  there  is  another  olu-* 
fashioned  form  known  in  Germany  as  the  pitch-up 
hammer,  which  differs  from  the  belly  helve  in  having 
the  line  of  rotation  of  the  axis  parallel  to  that  of  the 
hammer  stem. 

Tilt  hammers  are  usually  made  of  small  sizes,  the 
head  of  the  heaviest  weighing  about  6  cwt. ;  they  are 
driven  at  considerable  speed,  and  are  used  rather  in 
drawing  out  bars,  making  spikes,  and  finishing  work 
generally,  than  for  shingling  blooms  in  the  first  state. 
The  shaft  or  stem  is  made  of  one  or  more  beams  of 
straight- grained  springy  wood,  according  to  size, 
hooped  together  with  rings  of  wrought  iron.  The 
pivots  are  either  attached  to  a  broad  central  hoop,  or 
are  mortised  through  the  shaft.  The  head  is  usually 
shaped  like  that  of  a  large  sledge  hanmier. 
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Helve  hammers,  such  as  were  formerly  in  general 
use  in  puddling  forges,  have  been  made  of  all  weights 
up  to  10  tons.  The  usual  sizes  are  between  30  cwt. 
and  6  tons;  they  make  between  70  and  100  strokes 
per  minute,  with  lift  of  between  16  and  20  inches. 
In  Staffordshire  shingling  helves  are  used  from  6  to  6 
tons  in  weight,  while  those  for  blooming  piles  for  finished 
iron  average  from  7  to  8  tons.  Seen  in  plan,  the  helve 
is  a  ^  shaped  mass  of  cast  iron ;  the  cross  arms  form 
the  bearing,  the  hammer  face  of  wrought  iron  being 
keyed  into  a  conical  socket  at  the  opposite  end  for  con- 
venience of  renewal.  The  use  of  the  long  heavy  cross 
arm  for  the  pivots  is  necessary  to  prevent  the  mass 
of  the  helve  from  shifting  in  its  bearings,  which  are 
open.  The  height  of  the  lift  may  be  regulated  by  the 
amoimt  of  projection  given  to  the  tongue  or  wiper 
acted  upon  by  the  cam.  In  all  cases  it  is  necessary  for 
the  preservation  of  the  machine  never  to  allow  the 
hammer  to  fall  directly  upon  the  anvil.  For  this 
purpose,  when  not  in  use,  a  stop  or  gag  of  iron  or 
wood  is  placed  between  the  head  and  the  anvil,  which 
lifts  the  shaft  just  clear  of  the  action  of  the  cam.  By 
placing  a  piece  of  iron  on  the  tongue  of  sufficient 
thickness  to  allow  the  cam  to  come  in  contact  with  it, 
the  hammer  is  lifted,  and  the  removal  of  the  stop  is 
again  brought  into  working  order. 

The  foimdations  of  forge  hammers  reqtdre  to  be  very 
massive,  in  order  to  withstand  the  violent  shaking  to 
which  they  are  subjected.  Large,  squared  balks  oi 
timber  upon  a  bed  of  stone  masonry  or  concrete  are 
usually  employed,  piled  crossways  on  end  for  carry- 
ing the  framings  of  the  hammer  and 'cam-ring  shaft 
The  anvil  is  a  block  of  cast  iron  several  times  the 
weight  of  the  hammer,  standing  independently,  so  that 
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its  vibration  may  not  be  transmitted  to  the  bearing  of 
the  fixed  parts. 

Fig.  28  ia  a  longitudinal  elevation  of  a  frontal   helve 
weighing  3^   tons,   adapted    for    a    forge   driven    hy 


water  power.     The  following  are  the  weights  of  the 

principal  parta : — 

"Weight  of  helve 70  cwt. 

Anvil       160    „ 

Cam  ring 125.  ,, 

Fly  wheel 120    „ 

Main  shaft 90    „ 

The  hammer  is  lifted  five  times  in  each  revolution  of 
the  shaft ;  the  height  of  the  lift  is  16  inches.  A  water 
wheel  of  25-hor8e  power  is  required  to  drive  it. 

In  water-power  forges  with  small  hammers  of  from 
5  to  9  cwt,  a  wooden  spring  beam  is  often  used  for 
augmenting  the  force  of  the  blow  by  the  violent  velo- 
city of  descent.  This  construction  was  in  general  uae 
in  Europe  before  the  introduction  of  st«am  power,  and 
numerous  instances  of  it  are  still  to  be  found  in  Sweden. 

"Where  water  power  is  used,  especially  in  small  forgog, 
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each  hammer  is  generally  driven  by  its  own  wheel,  the 
axis  of  the  latter  moving  the  cam  ring  directly  without 
intermediate  gearing.  In  forges  worked  by  steam  power, 
where  several  machines  are  driven  by  a  single  engine, 
the  hammers  or  helves  are  connected  by  gearing 
wheels  to  the  driving  main  shaft,  being  usually  placed 
as  near  to  the  puddling  or  heating  furnaces  as  possible. 

The  working  faces  of  both  hammers  and  anvils  are 
subject  to  great  wear,  and  require  to  be  replaced  at 
short  intervals.  They  may  be  made  to  last  for  a  con- 
siderably longer  time  when  kept  cool  by  a  current  of 
water  circulating  through  them.  This  method  was  intro- 
duced by  Condie,  the  inventor  of  the  water  twyer,  but 
does  not  appear  to  have  been  adopted  to  any  great  extent. 

In  erecting  new  forges  at  the  present  time,  direct- 
acting  steam  hammers  are  generally  preferred,  instead 
of  the  helve,  for  shingling  and  balling  purposes.  This 
machine,  as  is  well  known,  was  introduced  by  Nasmyth 
in  1842,  and  still  maintains  its  original  construction 
in  most  essential  particulars,  although  it  has  been 
largely  modified  in  details,  both  by  the  inventor  and 
other  makers.  It  consists  essentially  of  an  inverted 
cylinder,  vertical,  high-pressure  engrae,  supported  by 
an  arched  or  inverted  V-shaped  framing,  formed  of  two 
standards  of  cast  iron.  The  piston  rod  passes  through 
the  lower  cylinder  cover,  and  is  directly  connected  with 
a  heavy  hammer  block  or  tup,  which  moves  vertically 
between  guides  attached  to  the  inner  faces  of  the 
standards.  In  the  single-acting  form,  the  steam  is 
employed  only  for  lifting  the  hammer  block,  which 
delivers  its  blow  with  the  impact  due  to  the  fall  alone ; 
but  in  the  double-acting  or  top  steam  hammer,  the 
force  of  the  blow  is  increased  by  allowing  the  steam 
to  act  on  the  upper  sarface  and  accelerate  the  speed  of 
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descent.     A  great  advantage  possessed  by   tHe  steam 
hammer  consists  in  the  power  of  regulating  the  force  of 
the  blow  according  to  the  necessity  of  the  worlc,  as  the 
block  may  be  stopped  at  any  portion  of  its  stroke  bj 
cushioning  or  checking  the  exit  of  the  exhaust  steam. 
In  shingling  blooms,  for  instance,  at  the  commence- 
ment, it  may  sometimes  be  adyisable  to  consolidate  the 
ball  by  short,  light  strokes,  afterwards  increasing^  the 
force  by  working  with  a  longer  fall  as  the  iron  becomes 
harder  and  more  compact.     This  cannot  be  done  with 
a  helve  hammer,  whose  height  of  fall,  and  consequent 
impact,  is  invariable.   The  weight  of  the  hammer  block 
varies   with  the  nature  of  the  work.      In  puddling 
forges  for  shingling  ordinary-sized  blooms,  hammers 
of  from   30   to   60   cwt.   are  commonly   used.       One 
of  50   cwt.   is   snfBcient  to   do   the   work   of  twelve 
furnaces,  and  may  be  worked  by  the  waste  heat  of  one 
or  two    reheating  furnaces.      In   the  blooming   and 
forging  of  heavy   masses,  such  as  piles  for   armour 
plates,  marine  engine-crank  shafts,  and  large,  irregular 
forgings  for  ships,  as  well  as  in  steel  works,  very  much 
larger  sizes  are   employed,  the  weight  of  the  block 
ranging  from  5  to  50  tons.     Hammers  of  the  largest 
size  are  usually  only  made  single-acting;  the  use  of 
steam  above  the  piston  being  rarely  resorted  to  when 
the  weight  is  more  than  12  or  15  tons. 

•  Fig.  29  is  a  side  elevation  of  a  double-acting  steam 
hammer  constructed  by  Thwaites  and  Carbutt,  of 
Bradford;  it  is  reduced  from  a  drawing  kindly  fur- 
nished by  the  makers.  The  hammer  block  or  tup, 
weighing  8  tons,  is  attached  by  a  thin  cylindrical  rod,  as 
in  the  original  Nasmyth  hammer,  to  the  steam  pistou, 
which  is  28  inches  in  diameter,  and  makes  a  stroke  of 
6  feet  in  length.     The  arrangements  for  admitting  and 
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exliaustiiig  the  Bteam  above  and  below  the  piatoc  are 
Bunilar  to  those  of  an  ordinary  high-preesure  steam 
engine.  The  slide  valve  is  of  a  tubular  form,  and 
balanced  against  the  steam  piesaure  in  the  valve  chest, 


Fig.  as.— nmlM  (ud  OubotA  i4 

so  that  it  may  be  readily  moved  by  hand  by  means 
of  the  lever,  e.  d  is  the  handle  which  moves  the  steam 
admission  or  regulator  valve.  The  length  of  the  up 
stroke  is  determined  by  the  tappet,  a,  on  the  hammer 
block,  which  strikes  against  the  arm  of  the  bent  lever, 
b,  and  moves  the  slide  valve,  eo  as  to  open  the  exhaust 
passage,  which  allows  the  steam  from  below  the  piston 
to  escape  into  the  atmosphere  at  e.  The  principal 
oammerman  stands  on  the  raised  platform,  /,  having 
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the  yalre  leyers  dose  at  hand,  at  the  same  time  com- 
manding an  uninterrupted  view  of  the  work  in  prooesa 
of  forging  on  the  anvil. 

In  small  hammers  below  12  or  15  cwt.,  such  as  aie 
used  for  heavy  smithing,  and  instead  of  the  old  tilt 
hammer  in  steel  works,  the  framing  is  often  reduced  to 
a  single  standard  overhanging  its  base,  giving  a  clear 
working  space  on  three  sides  of  the  anvil.  Wrought- 
iron  standards  have  lately  been  introduced. 

Another  type  of  steam  hammer  is  that  having  a 
piston  with  two  unequal  surfaces  exposed  to  the  action 
of  the  steam,  by  employing  a  very  thick  piston  rod. 
The  lower  or  smaller  surface  is  constantly  in  connection 
with  the  steam  by  an  open  port,  while  it  is  only 
allowed  access  to  the  larger  face  during  the  driving 
portion  of  the  stroke. 

Condie's  hammer  is  distinguished  by  the  peculiarity 
of  having  a  fixed  piston  and  a  movable  cylinder,  the 
latter  being  cast  in  one  with  the  hammer  block.  The 
piston  is  suspended  by  a  rod  connected  with  a  ball-and- 
socket  joint  to  the  top  cross  bar  of  the  framing. 

In  many  modem  hammers  parallel  guides  below  the 
cylinder  are  not  used,  the  piston  being  prevented  from 
turning  by  using  a  rod  of  angular  or  irregular  section, 
such  as  a  square  or  a  cylinder,  with  a  portion  of  its 
surface  planed  down  to  a  flat  face,  passing  through  a 
stuffing  box  of  a  similar  figure. 

The  anvils  of  steam  hanuners  require  to  be  of  great 
weight,  and  so  arranged  as  to  stand  completely  clear 
of  the  groimd  carrying  the  framing.  For  moderate 
sizes,  a  convenient  foundation  may  be  made  of  squared 
timber,  placed  on  end  above  a  bed  of  broken  cinder 
beaten  hard,  or  concrete ;  but  in  the  monster  hammers 
used  in  steel  works«  the  anvil  and  its  foundation  are  built 
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up  of  masses  of  cast  iron.  Thus  in  Krupp's  50-toii 
hammer,  vhich  lias  a  maximum  lift  of  10  feet,  the 
anvil,  weighing  18S  tons,  is  carried  upon  a  Bubstructure 
of  cast  iron,  formed  of  eight  blocks,  weighing  from  125 
to  135  tons  each. 

Kamsbottom'a  horizontal  hammer  consists  of  two 
blocks  or  rams  of  great  weight,  supported  by  friction 
wheels,  trareUing  on  a  short  level  railway,  which 
can   be   drawn  together  or    separated  by  a  vertical 


Fig.  flD.'-BuDibottom^  duplex  Bteam  hammer. 

steam  engine  acting  upon  a  system  of  link  rode.  There 
is  no  anvil.  The  mass  to  be  hammered  is  supported 
upon  a  carriage  on  a  central  platform,  and  is  struck 
simultaneously  -on  either  side  by  the  meeting  of  the 
rams.  The  general  construction  of  the  machine  is 
shown  in  Fig.  30.  a  a'  are  the  two  hammer  blocks,  which 
are  moved  by  the  piston,  6,  of  an  ordinary  double- 
acting  steam  engine  by  means  of  the  connecting  rods, 
c  ^.  rf  is  the  slide  valve,  and  e  the  admission  valve, 
both  of  which  can  be  worked  by  hand  levers.  The 
ingot,  in  process  of  hammering,  is  fixed  upright  in  a 
oast   iron   carrier,  /,   united  by  a  link   rod   with  a 
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leyer  carrying  a  counterbalance  weight  at  the  oppo- 
site end.  A  hand  leYer^  g^  attached  to  the  same 
shafty  serves  to  raise  or  lower  the  ingot,  so  as  to  bring 
a  fresh  portion  of  its  length  within  the  range  of  the 
hammers. 

In  the  newest  form  of  this  hammer,  the  blocks  or 
tups,  weighing  30  tons  each,  are  driven  directly  by  a  „ 
pair  of  horizontal  steam  engines,  without  the  use  of  | 
link  rods.     Each  tup  is  driven  independently   by  its  | 
own  piston,  but  a  provision  is  made  for  equalising  the 
motion  by  a  projecting  arm  carrying  a  nut,   which 
travels  on  a  long  screw  running  parallel  with  the  line 
of  motion,  whereby,  in  the  event  of  one  mass  travelling 
faster  than  the  other,  the  screw  acts  as  an  auxiliary 
driving  power  to  the  slower-going  one,  and  brings  it 
up  to  the  speed  of  the  other,  so  that  both  may  strike 
the  ingot  at  the  same  moment. 

Another  class  of  hammer  sometimes  used  for  small 
work  combines  the  piston  and  cylinder  with  the 
method  of  lifting  by  cams.  The  hammer  resembles 
an  ordinary  stamp  head,  moving  vertically  between 
guides  by  means  of  a  rotating  shaft  armed  with  cams. 
The  upper  part  of  the  rod  carries  a  piston,  which 
compresses  air  in  the  cylinder  during  the  up  stroke, 
the  power  so  expended  being  given  out  by  the  ex- 
pansion of  the  air  during  the  down  stroke,  giving  an 
increased  force  to  the  blow,  similarly  to  that  obtained 
when  steam  is  used  on  the  top  of  the  piston  in  an 
ordinary  steam  hammer. 

In  all  cases  the  striking  faces  of  hammers  and  anvils 
are  made  removable,  and  are  attached  by  dovetailed 
wedges,  fitting  into  a  corresponding  groove  on  the 
blocks.    Besides  the  plain  faces  for  ordinary  forging. 
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gv/ages  and  moulds  are  often  used,  as,  for  example,  in 
*;  drawing  round  bars,  or  swaging  up  spherical  east- steel 
'  shot. 

Squeezers.     In  these  machines  the  welding  of  the 
'r'ball  is  effected  by  pressure  applied  without  impact. 

They  are  of  two  kinds,  namely,  lever  and  rotary 
^  squeezers.  In  the  former  class,  a  lever  of  cast  iron 
'-  is  made  to  oscillate  about  a  fixed  centre  by  means  of 
■  a  crank  and  connecting  rod  attached  to  the  end  of  one 


r. 


f. 


Fig.  31.— Dpuble  squeezer.    DowlaiB  C^^niran). 

arm.  The  opposite  arm  carries  a  jaw  or  plate  of  cast 
iron,  which  may  be- either  flat  or  serrated  with  parallel 
triangular  teeth,  working  against  a  corresponding  fixed 
jaw,  placed  in  the  position  occupied  by  the  anvil  in  an 
ordinary  lever  hammer.  The  ball  is  introduced  between 
the  jaws  of  the  machine  at  the  widest  part,  and  is 
pushed  backwards  as  its  thickness  diminishes;  the 
ends  are  compressed  by  placing  the  bloom  on  end 
between  the  jaws  at  the  greatest  opening.  Fig.  31 
is  a  longitudinal  elevation  of  a  double  squeezer,  i.e., 
having  a  pair  of  working  faces  in  connection  with 
either  arm  of  the  lever,  in  use  at  Dowlais,  in  South 
Wales. 

The  rotary  squeezer  consists  of  a  cylinder,  whose 
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surface  is  studded  with  blunt  triaugfolar  teeth,  having 
its  axis  of  rotation  placed  either  horizontally  or  verti- 
cally within  a  fixed  circular  casing  of  cast  iron  similarly 
roughened,  and  forming  from  one-half  to  three-quftrters 
of  an  entire  circle.     The  axis  of  the  moving  cylinder  is 
placed  eccentrically  with  regard  to  that  of  the  case, 
so  that  although  their  surfaces  are  parallel,  the  distance 
between  them  diminishes  in  the  direction  of  the  rotation. 
The  ball  is  entered  at  the  widest  part,  and  being  carried 
forward  by  the  action  of  the  cylinder,  is  gradually 
reduced  in  thickness  by  compression  against  the  surface 
of  the  casing,  and  emergeiS  at  the  smaller  apertui-e 
ready  for  the  rolling  mill.     As  there  is  no  means  of 
regulating    the  distance    between    the    two   pressing 
surfaces,   it    is    neceesary  to   work   with    balls    of  a 
tolerably  regular  figure,  and  as  much  as  possible  of 
a  uniform  size.     In  Belgium  one  of  these  macliines 
is  considered  able  to  do  the  shingling  for  fifty  puddling 
furnaces.     The  speed  should  not  exceed  twdve  revolu- 
tions per  minute. 

Sometimes  squeezers  are  arranged  to  be  driven  by 
a  steam  engine  attached  to  the  outer  arm  of  the  lever, 
but  more  generally  they  are  connected  to  the  driving 
shaft  of  a  rolling  mill,  as,  for  instance,  that  employed 
in  rolling  blooms  into  puddled  bars. 

In  the  manipulation  of  very  heavy  masses,  such  as 
in  welding  the  piles  for  large  plates,  forging  of  steel 
ingots,  &c.,  where  a  powerful  compressing  force  is  re- 
quired, hydraulic  squeezers,  or  forging  presses,  may 
be  used  with  advantage.  As  an  example  of  this  class 
of  machine  may  be  mentioned  Haswell's  hydraulic 
hammer.  It  consists  of  a  large  vertical  cylinder 
hydraulic  press,  with  its  ram  acting  downwards  against 
ft  taWp.  representing  the  anvil.     The  ram  is  lifted  bj 
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the  piston  of  a  smaller  press,  with  which  it  is  connected 
by  cross  arms  and  side  rods  placed  overhead.  The  water 
driven  out  of  the  large  cylinder  as  the  ram  rises  is 
returned  to  a  vertical  cylinder  or  accumulator,  also 
containing  a  piston,  to  whose  upper  face  steam  can  be 
admitted.  This  arrangement  is  used  to  obtain  speed 
in  moving  the  ram  when  not  actually  working,  or 
while  the  resistance  of  the  pile  is  inconsiderable.  When 
greater  pressure  is  wanted,  a  valve,  connecting  the 
press  with  the  speed  piston  is  shut,  and  the  ordinary 
hydraulic  press  pumps,  which  are  driven  by  a  large 
direct-acting  horizontal  steam  engine,  are  brought  into 
action.  In  this  way,  by  reserving  the  press  pump 
for  the  heavier  portion  of  the  work,  the  machine  may 
be  driven  nearly  as  quickly  as  a  steam  hammer,  and 
owing  to  the  substitution  of  an  intense  slow  pressure, 
for  the  percussive  impact  of  the  hammer,  massive 
foundations  are  not  required. 

Rolling  Mills,  These  are  now  generally  used  in  the 
production  of  finished  or  merchant  iron,  in  preference 
to  the  hammer,  which  is  mainly  confined  to  the  old 
open  fire  forges  of  Sweden  and  Germany.  In  its 
simplest  form,  a  rolling  mill  consists  of  two  cast-iron 
cylinders,  placed  with  their  axes  horizontally  one  above 
the  other,  and  connected  by  spur  gearing,  so  as  to  revolve 
at  the  same  velocity  when  set  in  motion.  The  surface 
of  the  rolls  may  be  either  smooth,  as  is  the  case  in  plate 
mills,  or  grooved  into  various  patterns  in  those  used 
for  the  production  of  merchant  bars.  In  the  latter  case 
the  groove  on  either  roll  corresponds  to  half  the  section, 
the  two  together  forming  an  aperture  or  rotating  die 
corresponding  to  the  shape  required.  The  reduction 
in  size  of  the  bloom  is  eflFected  by  regulating  the  ver- 
tical distance  between  the  two  rolls,  by  the  use  of 
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grooTes  dimlnishiii^  regularly  in  size,  or  by  a  cohuudI'  \ 
tion  of  both  methods.  Fig.  32  is  a  generalised  eleyatioi 
of  a  single  pair  of  rolls,  with  both  angular  and  Bsl  I 


grooves,  a  combination  which  is  not  actually  used  i"  I 
practice,  but  has  been  adopted  here  to  avoid  tbe  empW' ' 
ment  of  a  second  figure.  \ 

The  journals  or  necks  of  the  rolls  run  on  brass  bear- 
ings, which  are  supported  in  strong  oast-iron  frsffif 
or  houainga.  In  Fig.  32  one  of  these  is  shown  in  froo* 
elevation,  and  the  other  in  section.  The  motion  w 
usually  communicated  by  tbelower  roll,  and  transmif*^ 
to  the  upper  one  by  a  pair  of  spur-gearing  whedft , 
which  are  placed  either  on  the  rolls  themselves,  as  iD 
the  figure,  or  are  carried  by  a  special  pair  of  housings 
When  two  or  more  pairs  of  rolls  are  connected  into 
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one  system  by  couplings,  and  driven  by  the  same 
xnotor,  they  are  called  a  mill  or  train.  The  first  pair  of 
the  train  are  generally  known  as  the  roughing  rolls, 
and  the  following  ones  as  the  finishing  rolls.  The 
latter  have  smooth  surfaces,  but  the  former,  especially 
in  puddle-bar  trains,  are  often  roughened,  in  order  to 
get  a  better  hold  on  the  bloom  at  its  entry.  The  first 
pair  are  also  called  the  blooming  rolls,  as  the  work  done 
by  them  is  chiefly  confined  to  welding  the  bars  com- 
posing the  pile,  while  the  finishing  pair  is  mainly 
employed  to  draw  out  the  pile  so  compacted. 

As  the  direction  of  rotation  of  the  rolls  is  constant 
under  ordinary  circumstances,  it  is  necessary,  after  the 
bar  has  passed  through  one  groove,  to  return  it  by 
lifting  it  over  the  top  roll,  in  order  to  bring  it  into 
position  to  pass  through  the  next  smaller  one,  and  so 
on  in  succession.    This  may  be  easily  done  with  blooms 
of  small  size,  but  is  attended  with  considerable  difficulty 
when  it  is  required  to  handle  large  masses  of  iron,  and 
in  any  case  gives  rise  to  a  certain  loss  of  time,  and  con- 
sequent waste  of  iron  by  scaling,  from  exposure  to  the 
atmosphere  in  a  highly  heated  condition  for  a  longer 
time  than  is  absolutely  required.    Various  contrivances 
have  been  introduced  in  order  to  roU  at  greater  speed ; 
the  roost  approved  principle  being  the  use  of  two  or 
more  pairs-compounded  into  one,  as,  for  example,  placing 
two  or  three  pairs  in  advance  of  each  other,  or  passing 
the  bloom  alternately  through  the  grooves  of  two  mills 
moving  in  opposite  directions;  by  receiving  the  bar 
on  a  carriage  which  is  rapidly  driven  from  one  to  the 
other  by  steam  power ;  or  finally,  by  the  use  of  a  com- 
bination of  three  roUs  placed  one  above  another  in  the 
same  housing,  forming  the  so-caUed  three-high  train, 
which  is  driven  &om    the  middle^  the   central  roll 
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gearing  forward  with  the  lower,  and  back  with  the 
upper  one,  or  the  reyerse,  so  that  the  bar,  instead  oi 
being  rolled  only  one  way,  is  passed  backwards  and 
forwards  by  entering  it  between  the  grooves  of  the 
middle  and  upper  and  middle  and  lower  rolls  alte^ 
natel;f. 

Very  heavy  mills,  snch  as  are  used  for  armour 
plates,  re^foire  to  be  reversed  at  each  passage  of  the 
pile ;  this  can  be  the  more  readily  done  as  they  are 
driven  at  a  comparatively  low  speed.  The  transmis- 
sion of  the  power  in  rolling  mills,  especially  those  of 
large  size,  is  usually  effected  by  toothed  gearing.  Smaller 
trains  are  sometimes  driven  by  straps,  an  arrangement 
which  may  be  conveniently  adopted  when  each  mill 
has  a  separate  engine.  As  the  rolls,  when  at  work, 
are  subjected  to  sudden  and  great  variations  in  torsional 
strain,  it  is  customary  to  make  the  couplings  tmitdug 
the  different  members  of  the  train  of  less  resisting 
power  than  the  necks  of  the  rolls,  the  joints  being 
arranged  at  the  same  time  so  as  to  allow  a  certain 
amount  of  independent  motion.  The  arrangement 
usually  adopted  for  this  purpose  is  shown  in  Fig.  32, 
where  the  bottom  roll  is  supposed  to  be  connected  with 
that  of  another  pair  in  the  same  plane  on  the  right-hand 
side.  The  necks  are  continued  beyond  their  bearings  for  a 
short  distance,  but  with  a  smaller  diameter,  the  section 
being  further  reduced  by  four  concave  grooves  or  flutes, 
as  shown  in  the  end  view  at  a.  These  are  united  by  a 
loose  piece  of  similar  form,  known  as  the  breaking 
shaft  or  spindle,  c  b,  which  is  secured  by  two  loose 
collars,  c  c,  overlapping  the  joints.  The  collars  are  pre- 
vented from  slipping  by  four  wooden  stops  placed  on.  the 
flutes  of  the  intermediate  shaft,  and  secured  by  leather 
straps.     In   the  event  of  the  rolls  being  brought  up 
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iddenly  by  the  resistance  of  the  pile,  the  strain  is 
iken  by  the  breaking  shaft,  which,  being  the  weakest 
►art  of  the  train,  gives  way,  and  saves  the  rolls  from 
racture.  In  some  instances  the  breaking  shaft  is 
urther  reduced  in  area  by  making  a  deep  semicircular 
croove  round  it  in  the  middle. 

In  rolling  bars  of  small  section,  which  on  account 
>f  their  flexibility  are  liable  to  be  bent  and  distorted,  it 
.8 .  necessary  to  keep  the  end  straight  in  entering  the 
grooves.  For  this  purpose  it  is  usual  to  attach  parallel 
guides  with  plain  jaws  or  friction  roUers  to  the  tables 
or  aprons  of  such  mills,  which  are  then  known  as  guide 
naills  or  trains. 

In  compound  mills  with  three  rolls,  the  lifting  of 
large  piles  from  the  lower  to  the  upper  level  is  attended 
w^ith  considerable  labour,  unless  it  be  done  by  special 
mechanical  appliances.     The  usual  method  adopted  is 
to    make    the    feed    plates   or   tables    movable    upon 
vertical  guides,  suspending  them  so  as  to  travel  freely 
by  counterbalance  weights  passing  over  guide  pulleys. 
The  lifting  may  be  effected  either  by  a  vibrating  lever 
receiving  motion  from  a  rotating  shaft ;  or  more  simply 
by  a  single-acting   steam    or   water-pressure  engine 
placed  above  the  rolls,  and  connected  to  the  tables  by 
a  cross  bar  and  side  rods.      The  pile,  after  passing  a 
groove  in  the  lower  part,  is  lifted  by  the  action  of  the 
steam  or  other  mechanism  employed,  and  after  return- 
ing through   the   upper  one,  drops   the  table  by  its 
unbalanced  weight  to  the  lower  level,  and  so  on,  rising 
and  falling  alternately,  until  the  section  is  sufficiently 
reduced. 

The  same  kind  of  arrangement  may  also  be  used 
in  heavy  plate  mills.  The  pile,  after  passing  between 
the  rolls,  need  only  be  deposited  on  the  top  of  the  upper 
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one,  Bs  the  frictioii  between  the  two  surfaces  duetr 
the  weight  will  be  ewEBcieat  to  return  the  pile  to  iIkI 
former  position,  taking  advant^i^  of  the  fact  tbatft* 
surface  above  the  horizontal  median  plane  of  the  tf. 
travels  in  the  reverse  direction  to  that  below  it. 

The  set,  or  distance  between  the  top  and  botloo 
rolls,  is  adjusted  by  means  of  screws  (d  d' ,  Fig.  3^' 
ing,  either  directly  or  by  a  cross  bar,  upon  the  beann^ 
of  the  frames.  Each  screw  is  provided  ■with  a  graduali* 
head,  in  order  that  in  altering  the  level,  either  end  of  tm 
roll  may  be  shifted  equally.  In  rolling  bars  of  irreguii' 
section,  such  as  rails,  for  instance,  the  adjustment  is  od'! 
necessary  in  order  to  bring  out  the  finished  product  i* 
the  proper  weight,  and,  when  once  made,  no  alteratioii 


is  necessary  as  long  as  the  mill  is  kept  on  the  muus 
work,  the  progressive  reduction  in  the  section  of  the 
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jile  being  eflfected  by  passing  it  through  grooves  of 
jontinually  diminishing  area.  In  order  to  prevent 
[aminHtion  between  the  bars  composing  the  pile,  and 
jO  render  the  welding  as  uniibrm  as  possible,  it  is 
passed  through  with  the  joints  flat  and  edgeways  alter- 
aately,  in  the  manner  indicated  by  the  horizontal  and 
vertical  lines  in  Figs.  33,  34,  which  represent  the  sec- 
tion of  both  blooming  and  finishing  rolls  in  a  mill 
making  double-headed  rails.  The  numbers  in  the 
grooves  refer  to  the  order  in  which  they  are  used. 

In  plate  mills  which  have  no  grooves  the  distance 
between  the  rolls  must  be  diminished  each  time  that 
the  pile  is  passed  through.  The  top  roll  must  also  be 
supported  in  order  to  prevent  its  falling  upon  the  lower 
one  when  it  is  no  longer  kept  up  by  the  pile.  This  is 
usually  done  by  carrying  the  lower  bearing  of  the  top 
roll  on  a  vertical  forked  rod,  whose  lower  end  is  in 
connection  with  a  counterbalance  weight  sufficient  to 
prevent  the  roll  from  faUing. 

Great  accuracy  may  be  obtained  in  the  adjustment 
of  the  rolls  by  attaching  spur  wheels  to  the  heads  of 
the  setting  screws,  which  may  then  be  moved  through 
equal  spaces  by  a  third  wheel  placed  between  them.  In 
Ramsbottom's  system  of  adjustment,  adopted  at  Crewe, 
the  shaft  of  the  central  pinion  carries  a  double  spiral 
barrel  with  two  chains,  one  of  which,  passing  over 
guide  pulleys,  is  connected  with  the  ram  of  a  water- 
pressure  engine,  and  the  other  coiling  in  the  opposite 
direction  with  a  counterpoise  weight.  The  rolls  are 
brought  together  by  the  pull  of  the  chain  from  the 
engine,  and  separated  by  the  counterpoise  acting  in  a 
similar  manner  upon  the  other  chain. 

Compound  or  universal  rolling  mills   consist   of  a 
combination  of  a  vertical  with  an  ordinary  horizontal 

q2 
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pair  of  plain  rolls,  so  that  the  pile  may  be  compressed 
equally  in  both  directions,  edgeways  and  flatways,  at 
once.  A  combination  of  this  kind,  known  as  While's 
mill,  has  been  advantageously  adopted  for  blooming 
rail  piles  in  South  Wales.  The  horizontal  rolls  are 
driven  in  the  usual  way  from  below,  the  vertical  pair 
being  connected  with  them  by  an  intermediate  sliaft, 
carrying  a  mitre-wheel  gearing  into  a  wheel  upon  one 
of  the  vertical  rolls.  The  machine  is  driven  at  a  yen 
low  speed,  making  only  five  revolutions  per  minute,  so 
that  the  pile  is  subjected  to  a  powerful  and  long-con- 
tinued pressure,  as  compared  with  the  usual  system  of 
blooming  in  the  first  grooves  of  the  roughing  pair  m 
an  ordinary  train,  making  from  80  to  100  revolutions 
per  minute.  Mills  of  this  class  may  also  be  used  in 
the  production  of  bars  of  plain  rectangular  sections  ot 
a  great  variety  of  dimensions  by  simple  adjustment 
of  the  rolls,  instead  of  requiring  a  special  pair  ol 
grooves  for  each  size,  as  is  ordinarily  the  case. 

Fig.  35  represents  the  arrangement  of  the  rolls 
and  methods  of  adjustment  in  one  of  the  earlier  forms 
of  universal  mill.  In  order  to  simplify  the  drawing) 
the  whole  of  the  driving  mechanism  is  omitted.  Tie 
vertical  rolls  are  adjusted  by  the  central  sliding  pinion 
on  either  side,  which  acts  on  the  setting  screws.  Tli^ 
bearings  are  supported  upon  horizontal  guide  bars 
placed  between  the  housings.  In  the  newer  fonns 
of  this  mill  only  one  of  the  vertical  rolls  is  ina<I^ 
movable. 

In  rolling  taper  iron,  such  as  the  tongues  of  rail- 
way switches,  the  setting  screws  are  provided  with 
lifting  gear,  so  that  the  distance  between  the  rolls  may 
be  continually  and  uniformly  varied  during  the  final 
passage  of  the  bars.    In  the  first  instance,  the  rolls  are 
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screwed  down  to  tlie  proper  distance  for  producing  the 
thinnest  section  required,  and  the  pressure  is  then 
relieved  either  by  a  train  of  gearing  wheels,  working 
pinions  on  the  heada  of  the  screws,  or  by  allowing  the 


Fig  Sli  —  UDlrnnl  rollliig  mUL 

Upward  pressure  of  the  iron  passing  through  the  mill 
to  lift  the  roll  In  the  latter  plan,  in  use  at  the 
Mersey  Steel  and  Iron  Works,  the  pressure  is  exerted 
against  a  BoHd  plunger  working  in  a  cylinder  filled 
with  water,  and  provided  with  a  small  discharge 
passage,  stopped  by  a  conical  plug  valve.  As  long  as 
the  valve  is  closed  the  water  within  the  cylinder,  fror 
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its  inoompressibilitjry  acts  like  a  solid  body,  and  keep 
the  rolls  together ;  but  when  the  passage  is  op^ed,tkf 
pressure  from  below  driyes  the  plunger  upwards  ani 
expels  the  water,  thereby  relieying'  the  bearings  of  tiie 
top  roU,  which  is  then  free  to  rise,  the  rate  of  it« 
upward  motion  being  regulated  by  the  aperture  pre- 
sented for  the  efflux  of  water  from  the  cylinder. 

The  finishing  rolls  of  plate  mills  are  cast  rA 
strongly-chilled  surfaces^  which  are  afterwards  tumec 
and  polished,  the  necks  and  other  portions  beins 
formed  in  sand  moulds. 

The  rolls  of  rolling  mills  are  subjected  to  great  heat 
when  at  work,  from  the  direct  contact  of  glowing  ir(Hi< 
as  well  as  from  its  friction  in  passing  through  the 
grooves.  In  almost  aU  cases  they  are  cooled  with  wafer, 
which  is  led  through  a  gutter  above  the  framing,  ^^ 
distributed  in  small  streams  over  the  working  surface* 
and  necks  continuously. 

The  size  and  speed  of  rolling  mills  vary  witi^ 
very  wide  limits,  according  to  the  character  of  the 
work  done.  Thus  reversing  mills  for  heavy  p^^^ 
may  make  from  25  to  30  revolutions  per  minute,  wM^ 
small  mills  rolling  wire  are  driven  at  from  500  to  600 
revolutions  in  the  same  time. 

In  Staffordshire  the  puddled  bar  train  usually  in- 
cludes two  pairs  of  rolls,  from  18  to  20  inches  in 
diameter,  and  from  3  J  to  5  feet  in  length  between  the 
bearings.  The  grooves  of  the  roughing  pair  are  of  a 
curved  or  Gothic  form,  as  in  the  right  half  of  Fig.  32, 
giving  a  rough  square  to  the  bloom.  Those  of  the 
finishing  pair  are  rectangular,  like  those  on  the  left  j 
side  of  Pig.  32,  and  capable  of  rolling  flat  bars  from 
2J  to  7  inches  in  breadth,  and  from  half  an  inch  to  2 
inches  in  thickness.     Sometimes  a  third  pair  is  added 
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for  rolling  slabs  from  7  to  15  inches  wide,  whicli  are 
used  as  covering  plates  for  piles  intended  for  making 
plates. 

A  mill  of  the  above  dimensions  serves  from  six- 
teen to  twenty  furnaces.  For  ordinary- sized  merchant 
bars,  the  diameter  of  the  rolls  is  from  12  to  16  inches, 
and  the  length  from  4  to  6  feet  for  the  roughing,  and 
from  3  to  3 J  feet  for  the  finishing  pair.  The  number  of 
revolutions  is  from  60  to  75  per  minute,  according  to 
the  size  of  the  work. 

In  South  Wales  the  rolls  used  in  blooming  rail  piles 
are  from  20  to  24  inches  in  diameter,  and  from  5  to  G 
feet  long.  When  they  are  worked  as  reversing  rolls 
the  speed  does  not  exceed  from  25  to  30  revolutions  per 
minute ;  but  compound  (three-high)  mills  may  be 
driven  much  faster.  The  finishing  train  makes  from 
80  to  100  revolutions  per  minute. 

Plate  mills  are  usually  made  with  three  pairs  of  rolls. 
The  first  pair  are  grooved  like  those  of  a  bar  mill  for  bloom- 
ing the  pile ;  the  second  are  the  roughing  pair  proper  ; 
while  those  of  the  third,  or  finishing  pair,  are  cast 
with  chilled  surfaces,  and  are  highly  polished.  The  ordi- 
nary sizes  are  from  5  to  6  feet  long,  aud  from  20  to  24 
inches  in  diameter*  The  working  speed  varies  from 
25  to  30  revolutions  per  minute  for  heavy,  aud  from 
30  to  40  for  light  plates. 

Shears  are  used  for  cutting  up  puddled  and  other 
bars  into  lengths  for  piling,  and  also  for  trimming 
up  the  rough  edges  and  ends  of  finished  plates,  bars, 
and  sheets.  For  the  former  purpose,  some  form  of 
lever  shears,  having  one  fixed  and  one  vibrating  jaw. 
the  latter  forming  one  arm  of  a  straight  or  bent  lever, 
moved  by  a  crank  or  eccentric,  is  generally  used. 
Fig.  36  is  an  example  of  a  heavy  shearing  machine 
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used  at  Dowlais,  in  South  Wales,  for  cutting  up  puddled 
bars  into  lengths  for  piling. 

When  it  is  required  to  take  a  cut  of  considerable 
length,  guillotine  shears,  with  a  diagonal-edged  knife 
which  moves  vertically  between  parallel  guides,  are 
often  used,  especially  in  boiler  and  other  plate  wort 
These  aie  generally  machines  requiring  considerable 
power,  and  are  driven  by  a  steam  engine  attached  to 
the  same  framing.  Bails  and  other  thick  bars  are 
finished  by  sawing  off  the  rough  or  crop  ends,  and 
filing  down  the  marks  left  by  the  saw  while  still  hot 


Fig.  86.— Cropping  shear,  Dowlais  (Truran). 


from  the  rolls.  The  circular  saws  used  for  this 
purpose  are  between  3^  and  4|  feet  in  diameter,  and 
are  driven  either  by  belts,  or,  in  some  instances,  by 
direct-acting  steam  turbines  placed  on  the  same  shaft. 
The  number  of  revolutions  varies  between  900  and 
1,300  per  minute. 

In  the  slitting  mill  the  rolls  are  replaced  by  spindles 
carrying  a  series  of  steel  discs,  fixed  a  certain  distance 
apart  by  stops.  The  discs  on  one  spindle  interlock 
with  those  on  the  other,  forming  a  rotary  shearing 
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maohine^  with  several  pairs  of  blunt-edged  cutters. 
When  a  thin,  flat  bar  of  iron  is  passed  through 
in  the  same  manner  as  in  an  ordinary  rolling  mill, 
it  is  divided  by  the  blades  into  thin  rods  of  rectangular 
section,  which  are  delivered  in  a  very  crooked  con- 
dition, being  bent  and  distoiijed  by  the  pressure  of 
the  blades.  These,  when  straightened  by  hand,  are 
made  up  into  bundles  for  the  use  of  the  nail  forges, 
and  are  known  as  slit  or  nail  rods. 


CHAPTER  XVII 

REHEATING   AND   WELDING. 

The  rough  bars  or  slabs  of  malleable  iron,  obtained 
in  the  processes  of  puddling  and  shingling,  require  to 
be  subjected  to  further  treatment  in  order  to  produce 
finished  or  merchant  iron.  For  this  purpose  they  are 
cut  into  short  lengths,  which  are  made  into  nearly 
cubical  packets,  or  pileSy  and  subjected  to  a  further 
consolidation  by  hammering  and  rolling  at  a  welding 
heat^  until  a  bar  with  a  uniformly  smooth  surface,  free 
from  cracks  or  flaws,  is  obtained. 

The  operation  of  reheating  may  be  performed  in 
several  different  ways,  as,  for  example,  in  the  open 
hearth,  in  direct  contact  with  the  fuel — a  method  that, 
as  has  already  been  stated,  is  commonly  practised  in 
making  malleable  iron  in  the  hearth  finery ;  in  the 
hollow  fire,  immediately  above  the  fuel,  but  without 
touching  it,  used  in  the  South  Wales  forges ;  and, 
finally,  in  the  reverberatory  furnace,  which  is  the  plan 
most  generally  adopted  at  present. 

The  reheating  furnace,  Fig.  37,  also  known  as  the 
balling  or  mill  furnace,  is  in  external  appearance  not 
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niilUie  that  used  in  pudcUiDg,  b^g  cased  with  cast-iran 
plutea  in  a  similar  manner.  The  principal  difPenatcc 
is  in  the  proportion  between  the  surface  of  the  fire 
grate  and  that  of  the  bed,  which  is  less  than  is  the  case 
in  the  paddling  furnace,  as,  although  a  higher  tem- 
perature is  requisite,  it  is  less  subject  to  fiuctuatJone, 
being  maintained  as  umform  as  possible  The  arch  of 
the  roof,  except  in  special  cases,  is  coraparatiTely  loff ; 
and  the  bed,  which  is  made  of  sand  consolidated  b; 
pressure  when  m  a  moistened  condition,  elopes  {nm 
the  fire-bridge  uniformly  towards  the  flue,  in  order  to 


allow  the  slag  or  cmder  formed  by  the  combination  ol 
the  sand  with  the  scale  on  the  surface  of  the  iron  to 
run  off  freely  towards  the  bottom  of  the  stack,  where  it 
19  let  out  of  the  furnace.  This,  like  most  of  the  other  j 
slags  producer!  under  similar  circumstances,  is  in  com-  , 
position  essentially  a  tribasic  silicate  of  protoxide  of 
iron,  and  is  distinguished  by  the  name  of  _fiue  cinder 
from  that  of  puddling  furnace,  or  tap  cinder,  the  former 
flowing  constantly,  while  the  latter  is  only  removed 
from  the  furnace  at  intervals.  A  small  fire  is  usually 
placed  in  front  of  the  stack  both  in  reheating  and  pud- 
dling furnaces,  in  order  to  prevent  the  cinder  from 
cooling  and  becoming  solid  in  the  tap  hole. 
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Kg.  37  is  a  longitudinal  section  of  a  reheating  fur^ 
nace,  such  as  is  used  for  bars  of  ordinary  sizes,  which 
are  finished  from  the  pile  at  a  single  heat.  The  bed 
is  made  of  fire-brick,  covered  with  a  thick  coating  of 
sand.  In  other  respects  it  is  very  similar  in  construc- 
tion to  the  puddling  furnace.  In  order  to  prevent  the 
access  of  air  to  the  bed,  it  is  necessary  to  keep  the. 
fire  grate  thickly  covered  with  fuel,  and  the  door  must 
bo  well'  stopped  for  the  same  reason. 

In  reheating  small  sizes  of  iron,  it  is  advantageous 
to  use  a  furnace  with  a  small  hearth  and  large  grate,  so 
as  to  be  able  to  bring  up  the  piles  rapidly  to  a  welding 
heat,  in  order  to  prevent  the  loss  by  oxidation  conse- 
quent ujwn  imnecessary  exposure.  When  the  dimen- 
sions of  the  pile  are  such  as  to  require  several  passages 
through  the  mill  in  order  to  reduce  it  to  the  proper 
section,  it  is  often  necessary  to  subject  it  to  a  second 
beating ;  for  this  purpose,  fiimcices  of  special  construc- 
tion are  used,  corresponding  in  dimensions  to  the  form 
of  the  pile  at  the  end  of  the  first  heat.  When  the 
bed  is  of  a  large  size,  as,  for  instance,  in  the  furnaces 
used  for  reheating  unfinished  plates,  a  second  fireplace 
is  placed  at  the  flue  end,  with  its  axis  at  right  angles 
to  the  principal  one.  This  class  of  furnace  is  used  in 
reheating  long  and  heavy  bars,  and  also  in  armour- 
plate  mills. 

Piling  for  Merchant  Iron,  The  amount  of  work  put 
into  bar  iron  varies  with  the  quality.  For  the  commoner 
kinds,  puddled  bars,  or  No.  1  iron,  cut  into  lengths,  are 
piled,  and  when  brought  to  a  welding  heat  are  rolled 
off,  either  with  or  without  first  being  worked  into  a 
bloom  under  the  hammer.  More  usually,  however,  the 
iron  of  second  rolling,  or  No.  2,  is  employed  as  the 
top  and  bottom  plates   of  the  piles,    when  making 
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finished,  No.  3,  or  best  iron.  Beyond  this,  if  fortki 
piled  and  welded,  the  Iron  is  disting^iislied  as  best  ht 
and  treble  best,  according  to  the  number  of  heatings  and 
weldings  to  which  it  has  been  subjected.  The  harder 
and  more  granuhir  kinds  of  iron,  such  as  that  used  for 
tires  in  Yorkshire,  are  worked  almost  exclusively  under 
the  hammer,  the  rolling  mill  being  only  used  in  ginLg 
the  proper  figure  to  the  bar  at  the  finishing  stage. 

The  covering  slabs  for  the  tops  and  bottoms  of  rail 
piles  are  sometimes  made  by  doubling  and  welding  two 
puddled  blooms  together  under  flie  hanuner,  which  are 
then  reheated  and  rolled  to  the  proper  size  withont 
having  first  passed  through  the  state  of  puddled  hm 
The  use  of  single  plates  for  the  outsides  of  piles  is 
necessary  in  order  to  get  a  clean  surface,  as  butt  joiflte 
do  not  weld  properly  imless  they  are  covered.  In  ^ 
cases  the  ends  of  the  bars  forming  the  pile  must  be 
cut  square,  and  all  the  surfaces  in  contact  must  be  as 
clear  as  possible  from  scale  and  rust. 

Piles  for  bars  should  be  made  as  thick  and  square  as 
can  be  done  consistently  with  the  form  of  the  bloonuD^ 
grooves  of  the  mill,  in  order  that  the  iron  may  ^ 
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?ig.  88. — Sections  of  piles  for  finished  iron. 

subjected  to  great  longitudinal  extension.     The  length 
will  of  course  depend  upon  the  weight  of  finished  bar 

required. 

Fig.  38  shows  the  arrangement  of  the  various  qua- 
lities of  bars  and  slabs  in  pile  for  different  kinds  of  bar 
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iron.  The  darker-shaded  parts  indicate  slabs  of  re- 
worked No.  2  iron,  scrap  bars,  or  similar  qualities,  the 
lighter  parts  being  puddled  bars,  a  is  one  out  of  many 
kinds  of  pile  adopted  in  the  manufacture  of  rails,  b 
and  c  are  Belgian  piles  for  T  a^^d  girder  iron,  the 
finished  sections  being  given  in  the  centre  to  the  same 
scale.  D  is  Beattie's  system  of  piling  or  faggoting 
adopted  for  railway  axles.  It  consists  of  a  ring,  built 
up  of  several  segments,  arranged  round  a  central  cir- 
cular bar.  The  bars  composing  the  piles  are  kept, 
together  by  bands  of  wire  before  they  are  placed  in 
the  heating  furnace. 

The  following  example  gives  the  details  of  manipu- 
lation in  rolling  bars  of  different  sizes  followed  in  a 
South  Staffordshire  forge  in  the  year  1861 : — For  bars 
of  1  inch  square  the  pile  was  made  up  of  6  bars,  each 
three-quarters  of  an  inch  thick,  and  4  inches  wide,  the 
top  and  bottom  plates  being  of  doubled  blooms,  while 
the  intermediate  ones  were  ordinary  puddled  bars.  The 
length  of  the  pile  was  18  inches,  and  its  weight  100  lbs. 

Two  heating  Aimaces  were  used,  each  containing  a 
charge  of  eighteen  piles,  which,  when  at  a  proper 
welding  heat,  were  passed  eleven  times  through  the 
rolls,  the  grooves  being  arranged  as  follows : — ^first,  two 
of  rectangular  section,  then  five  Gothic,  and,  finally, 
four  square  finishers. 

The  work  done  by  the  two  fiimaces  in  twelve  hours 
amou^ited  to  9  tons  (long  weight)  of  finished  bars.  The 
loss  on  the  weight  of  the  piles  was  about  15  per  cent;, 
an  amount  made  up  of  5  to  6  per  cent,  caused  by 
oxidation  in  the  furnace,  and  the  remainder,  9  or  10 
per  cent.,  in  crop  ends  and  waste  in  rolling. 

The  consumption  of  coal  was  from  50  to  55  per  cent, 
of  the  weight  of  the  finished  bars.     The  time  occupied 
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in  rolling  a  single  heat  was  from  thirty  to  tliirty-fi^« 
minutes. 

In  making  round  bars  of  4  inches  in  diameter  anJ 
16  feet  long,  the  pile  was  10  inches  wide,  llj  inches 
high,  and  6  feet  long.  The  top  and  bottom  were 
composed  of  three  thicknesses  of  puddled  scrap 
hammered  and  rolled,  while  the  centre  was  made  up  of 
five  layers  of  ordinary  puddled  bars.  Three  heating 
ftimaces  were  used,  each  holding  a  single  pile,  which 
required  from  two  and  a  half  to  three  hours  to  bring 
it  to  a  welding  heat.  In  rolling,  the  pile  was  passed 
through  eleven  times,  being  turned  a  quarter  round 
each  time,  so  as  to  bring  the  joints  into  the  vertical  and 
horizontal  positions  alternately.  The  loss  in  the  pro- 
cess amounted  to  between  30  and  32  per  cent.,  out  of 
which  about  two-thirds,  or  21  per  cent.,  was  accounted 
for  in  the  crop  ends.  The  coal  burnt  amounted  to  ^ 
per  cent,  of  the  weight  of  the  finished  bars. 

In  making  small  sizes  of  merchant  iron,  such  as  small 
round  or  square  bars  or  hoops,  the  pile,  after  being 
partially  drawn  to  a  square  bar,  is  cut  into  lengths 
known  as  bilieta,  which  are  afterwards  finished  sepa- 
rately. The  work  is  done  very  quickly,  although, 
owing  to  the  small  size  of  the  billets,  the  daily  produce 
expressed  in  weight  is  not  very  large.  When  the 
billets  are  finished  in  one  heat,  the  consumption  of  coal 
is  from  11  to  12  cwt.  per  ton ;  but  when  two  heats 
are  required,  the  amount  is  increased  to  20  cwt.,  or 
equal  weights  with  the  bars  produced. 

In  South  Wales  the  ordinary  weight  of  the  pile  for 
rails  is  about  16  cwt.,  long  weight,  four  being  placed 
in  the  furnace  at  once ;  the  whole  of  these  are  rolled 
to  blooms  in  a  triple  mill  in  five  minutes,  each  passing 
through   four  times    alternately   flat   and    edgeways. 
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The  second  heat  is  effected  in  half  an  hour^  the  furnace 
being  similarly  charged,  when  the  blooms  are  passed 
through  the  rail  mill  nine  times,  the  whole  operation 
being  performed  in  one  minute.  In  order  to  keep  the 
mill  constantly  at  work,  fourteen  heating  furnaces  are 
required,  ten  for  the  first,  and  four  for  the  second  heat. 
The  loss,  including  the  crop  ends,  is  about  20  per  cent, 
on  the  weight  of  the  pile.  In  some  cases  these  are 
passed  through  a  special  flattening  mill,  in  order  to 
reduce  them  to  a  rectangular  figure  for  greater  con- 
venience in  piling,  but  more  generally  they  are 
converted  into  slabs  in  the  same  manner  as  ordinary 
puddled  bars.  The  special  application  of  crop  ends  to 
the  manufacture  of  iron  free  from  phosphorus,  by 
Parry's  process,  has  been  previously  noticed  at  p.  285. 

The  total  amount  of  coal  consumed  in  the  manu- 
facture of  iron  from  the  ore  to  the  finished  bars  of 
common,  or  No.  2  quality,  may  be  taken  at  five  times 
the  weight  of  the  latter,  with  an  increase  of  about 
10  cwt.  per  ton  for  every  additional  heat. 

Plates  and  sheets  are  divided  into  classes  accord- 
ing to  thickness,  the  former  term  being  restricted 
to  all  sizes  above  No.  4  of  the  Birmingham  wire 
gauge,  corresponding  to  a  thickness  of  0*238  inch. 
Sheet  iron  is  further  classified  into  three  divisions,  as 
follows : — 

Singles,  including  from  Ko.  4  to  No.  20  gauge  or  0'238  to  0*035  in.  thick. 
Doubles  „  „  20        „  25    „  0*035       *020        „ 

Trebles  or  lattens,,  „  25        „  27    „  0020     0016        „ 

The  piles  for  the  heavier  classes  of  plates  are  built 
up  of  layers  of  bars,  placed  alternately  across  each 
other,  instead  of  having  their  longer  sides  parallel, 
as  is  the  case  with  ordinary  bar  iron.     The  covering 
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slabs,  or  top  and  bottom  plates,  are  flat  bars, 
9  to  12  or  14  inches  wide,  and  from  1  inch  to  IJ  inches 
thick,  which  are  made  by  doubling  two  puddled  blooms 
under  the  shingling  hammer,  and  roUing  to  the  proper 
size  at  one  heat. 

For  boiler  plates  measuring  6  feet  long,  by  3  feet 
broad,  and  tt  of  an  inch  thick,  weighing  about  2j 
cwt.  each,  the  pile  is  made  20  inches  long,  6  to  1 
inches  high,  and  12  inches  broad.  The  whole  ol 
the  work  is  done  at  one  heat ;  the  pile  is  reduced  to 
a  roughly- squared  bloom  by  passing  it  lengthways 
through  three  grooves  in  the  blooming  rolls,  then  foiir 
times  through  the  plate- roughing  roUs  in  the  direction  of 
the  breadth,  which  draws  it  into  a  thick-squared  plate, 
and  finally,  three  times  lengthways  through  the  6mh 
ing  rolls.  The  difference  in  weight  between  the  finished 
plate  and  the  rough  bars  taken  for  the  pile  is  fro^i 
20  to  22  per  cent. :  this  amount  includes  the  waste  hi 
reheating  and  scrap  produced  in  shearing  the  edges 
to  the  proper  size.  The  amount  of  coal  consumed  id 
the  reheating  furnace  is  from  14  to  16  cwt.  per  ton 
of  plates  produced. 

For  the  larger  sizes  of  sheets,  such  as  singles  of  No. 
12  gauge,  measuring  6  feet  in  length  by  2  feet  i^ 
breadth,  the  piles,  20  inches  in  length,  7  inches  in 
breadth,  and  4  inches  in  height,  are  made ,  up  of  the 
scrap  and  crop  ends  produced  in  making  the  top  and 
bottom  plates,  which  are  three-quarters  of  an  inch  thick- 
The  weight  corresponding  to  the  above  dimensions  is 
about  70  lbs.  Nineteen  or  twenty  piles  are  placed  id 
the  heating  furnace  at  once.  In  passing  the  blooming 
rolls,  the  pile  is  converted  into  a  bar  of  double  the 
original  length,  without  any  alteration  in  breadth,  and 
is  then  cut  into  two  parts,  each  of  which  is  passed  cross- 
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wavB  through  the  roughing  roll«,  until  it  is  reduced 
;  nearly  to  the  breadth  required  in  the  finished  plate. 
After  passing  four  times  lengthways  through  the  finish- 
]  ing  rolls,  the  two  halves  of  the  original  bloom  are 
placed  one  above  another,  and  passed  through  together 
three  or  four  times  more ;  they  are  then  nearly  cold,  and 
are  immediately  taken  to  the  annealing  fiimace,  where 

■  they  are  subjected  lo  a  low  heat  to  soften  them,  after 

■  which  they  are  sheared  to  the  proper  size  and  finished. 

The  rolling  of  thinner  sheets  is  very  similar  to  that 
last  described,  except  that  the  piles  are  of  a  much 
simpler  character,  on  account  of  their  smaller  weight, 

;    consisting  simply  of  three  or  four  plain  flat  bars.     For 

'  doubles  of  20  to  24  gauge,  the  rough  bar  is  cut  in  two, 
and  the  halves  are  passed  through  the  plate  rolls,  first 

'  separately,  and  then  together,  as  in  the  preceding 
instance.  The  rough  sheets  are  placed  together  in 
bundles  of  four  in  the  annealing  furnace,  and  after 
heating  and  passing  through  the  finishing  rolls,  are 

'    subjected  to  a  second  heat  in  the  same  furnace  before 

'    being  sheared. 

Lattens  or  trebles  of  TSo,  27  gauge,  measuring  64 
inches  in  length,  by  28  inches  in  breadth,  and  weighing 
b\  to  6  lbs.  per  sheet,  are  made  from  roughed  down 
slabs  4  inches  broad,  and  half  or  three-quarters  of  an 
inch  thick,  cut  into  lengths  of  about  18  inches.  These 
lengths  are  heated  to  redness,  and  passed  separately 
through  the  roughing  rolls,  and  two  or  three  times 
through  the  finishers,  after  which  they  are  doubled,  and 
the  rolling  is  continued  until  they  have  cooled  to  a  dull 
red  heat,  the  original  blank  having  by  this  time  become 
extended  to  a  sheet  measuring  32  inches  by  24. 

In  rolling  after  the  first  annealing  heat,  four  plates 
are  taken  together,  and  in  finishing,  which  follows 
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final  or  second  annealing  heat,  eight  thicknesses  an 
passed  through  at  the  same  time.  Owing  to  tk 
number  of  reheatings,  and  the  large  amount  of  surface 
of  the  finished  work  as  compared  with  its  weight,  tli? 
loss  and  consumption  of  materials  are  comparatiYely 
large.  For  the  production  of  1  ton  of  sheets  sheared 
to  the  proper  size,  25  cwt.  of  coal  are  required,  and 
25  or  26  cwt.  of  rough  bars.  Out  of  the  waste  of  5  or 
6  cv/t.  on  the  latter  quantity,  about  4  cwt.  are  a^ 
counted  for  in  the  shearings  and  crop  ends,  produced 
at  diflferent  stages  of  the  process.  No  great  amount  o: 
scaling  takes  place,  owing  to  the  comparatively  lo^ 
temperature  at  which  the  work  is  done. 

Thin  sheet  iron  or  black  plate,  intended  for  tinning,  is 
made  in  a  similar  manner  to  that  last  described,  the 
unfinished  work  being  doubled  after  eyery  heating,  so 
that  at  last  as  many  as  sixteen  thicknesses  are  passed 
through  the  mill  together.  When  reduced  to  thf 
proper  dimensions,  the  plates  are  brought  to  a  bright 
metallic  surface  by  pickling  in  weak  sidphuric  acid. 
A  final  polish  is  given  by  cold  rolling,  after  which  the 
plates  or  sheets  are  ready  for  tinning. 

Very  heavy  plates,  such  as  those  used  for  ships' 
armour,  are  made  either  by  hammering  or  rolling  alone, 
or  by  a  combination  of  both  methods.  In  the  first 
case,  the  original  material  is  best  scrap  iron,  made  into 
piles  weighing  from  1  to  IJ  cwt.  each,  which  are  balled 
in  threes  or  fours  into  a  slab  at  one  heat.  According 
to  the  thickness  of  the  plate  required,  these  slabs  are 
reheated  either  alone  or  doubled,  and  reduced  at  a 
second  forging  to  an  oblong  slab,  somewhat  thicker 
than  the  finished  plate,  with  two .  squared  aiid  two 
chamfered  edges.  In  finishing,  two  pieces  are  joined 
to  form  a  section  of  a  plate  of  the  required  breadth,  hj 
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joining  the  tapered  edges  together  on  the  shorter  sides, 
and  finally,  the  length  is  made  up  by  adding  as  many 
pairs  as  may  be  necessary.  For  convenience  of  manipu- 
lation, a  staff,  or  porter  bar,  with  a  capstan-headed  ring 
fixed  to  it,  is  welded  to  one  of  the  unfinished  plates,  in 
order  that  it  may  readily  be  turned  on  the  anvil,  as  is 
usual  in  all  large  forgings.  The  final  forging,  to  reduce 
the  plate  to  the  proper  thickness,  is  efiected  at  a  moderate 
red  heat,  water  being  constantly  thrown  on  the  surface 
to  clean  it  from  scale.  When  finished,  it  is  annealed  by 
heating  to  redness  and  slow  cooling.  By  the  use  of 
tapered  edges  the  surfaces  of  contact  cross  the  finished 
plate  obliquely. 

Rolled  armour  plates  are  put  together  as  follows : — 
The  balls  from  the  puddling  furnace  are  shingled  and 
rolled  to  slabs  about  12  inches  broad,  30  inches  long, 
and  1  inch  thick.  Five  or  six  of  these  slabs  are  in  a 
second  heat  rolled  to  a  slab  about  4  feet  square.  At 
the  third  piling,  five  or  six  slabs  of  the  second  heat  are 
welded  and  roUed  into  a  plate  8  feet  long,  4i  feet 
broad,  and  2|  inches  thick,  weighing  rather  more  than 
30  cwt.,  and  made  up  of  between  twenty-five  and 
thirty-six  original  inch  slabs  of  No.  1  iron. 

The  edges  of  the  plates  require  to  be  kept  as  true  as 
possible,  so  that  a  certain  amount  of  shearing  may  be 
necessary  at  the  intermediate  step  of  the  process.  For 
the  finished  plates  of  4^  or  5^  inches  in  thickness,  four 
of  the  large  30-cwt.  plates  are  piled  together,  and  re- 
heated in  a  furnace  having  a  fireplace  at  either  end. 
In  order  that  the  whole  pile  may  be  uniformly  heated, 
the  lower  surface,  instead  of  touching  the  bed  of  the 
furnace,  is  supported  on  six  small  pillars  of  brickwork, 
so  as  to  allow  the  flame  to  pass  below  it.  The  door  of 
the  furnace  is  placed  parallel  to  the  axis  of  the  rolling 
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mill,  and  the  pile,  when  sufficiently  heated,  is  drawn 
forward  with  tongs,  and  received    on  a   truck,  whfcli 
runs  upon  a  railway  directly  to   the    rolls.     A  simQ&i 
truck  is  placed  on  the  opposite  side  of  the  mill,  and 
the  pile  is  passed  forwards  and  backwards  by  reversing 
the  rolls  until  it  is  reduced  to  the  proper  thickness. 
The  surfaces  of  these  trucks  incline  towards  the  rolls, 
or  are  provided  with  friction  rollers,  so   that  the  p3e 
may  be  easily  pushed  between  them  by  hand,  the  force 
of  the  rolls  being  sufficient  to  drive  it  up  the  incline  of 
the  receiving  surface.    The  plate,  after  leaving  the  rolls, 
while  still  hot,  is  placed  upon   a  cast-iron  table,  and 
rendered  perfectly  smooth  and  flat  by  passing  a  roller 
weighing  7  tons  over  it.     When  cold,  the  rough  edgffl 
are  dressed  up  square  on  a  planing  machine.     Armour 
plates  are  now  regularly  made  of  all  thicknesses  up  Ui 
12  inches.     One  of  that  thickness  14   feet   long  and 
5^  foot  broad,  weighs  16  tons  7  cwt. 

The  composite  character  of  rolled  bar  iron  made 
from  large  piles  may  be  rendered  evident  by  etching 
a  polished  transverse  section  with  weak  sulphuric  acid, 
when  a  series  of  irregular  curved  lines  will  be  developed, 
corresponding  to  the  original  surfaces  of  contact  of  the 
component  slabs.  Uniformity  in  the  character  of  the 
lines  is  a  sign  of  good  welding;  but  black  irregular 
patches  indicate  that  the  cinder  has  not  been  entirely 
expelled. 

Application  of  the  Wa^te  Heat  of  Puddling  and  Be- 
heating  Furnaces,  Under  ordinary  circumstances,  the 
heat  developed  by  the  coal  burnt  in  the  fireplaces  of 
these  furnaces  is  but  imperfectly  utilised,  as  the  flame 
leaving  the  hearth  at  the  welding  temperature  of  iron 
ctscapes  into  the  atmosphere  at  the  top  of  the  stack, 
carrying  away  an  amount  of  heat  greatly  in  excess  of 
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liat  necessary  to  keep  up  the  draught  of  air  through 
}lie  fire.  In  order  to  economise  some  portion  of  this 
leat,  various  methods  have  been  adopted  of  interposing 
3ooling  substances  by  passing  the  flame  through  the 
Sues  of  steam  boilers  or  blast-heating  stoves.  The 
former  method  is  used  for  furnaces  fired  with  solid 
fuel,  while  the  latter  is  more  especially  adopted  for 
gas  furnaces.  A  more  complete  method  than  either 
is  the  so-called  regenerative  gas  furnace  of  Siemens, 
where  the  waste  heat  is  applied  in  raising  both  the 
gases  used  as  fuel  and  the  air  for  burning  them  to  a 
high  temperature  previously  to  their  arrival  at  the 
point  of  combustion,  by  which  means  a  very  high  and 
uniform  heat  is  attainable. 

The  commonest  form  of  boiler  used  for  raising  steam 
by  the  waste  heat  of  forge  and  mill  furnaces  is  a 
vertical  cylinder  with  a  hemispherical  dome.  The 
flame  either  passes  round  the  outside,  or  through  a 
central  flue  connected  with  the  external  shell  by  a 
series  of  horizontal  tubes.  .Generally  two  furnaces  are 
in  connection  with  the  same  boiler.  A  more  perfect 
method,  but  one  that  can  only  be  adopted  in  large 
works,  is  to  lead  the  flame  from  a  considerable  nmnber 
of  furnaces  into  a  single  horizontal  flue  of  propor- 
tionately large  section,  which  carries  it  through  the 
heating  tubes  of  the  boiler.  The  resistance  opposed 
by  the  interposed  obstacles  is  overcome  by  the  draught 
of  a  tall  chimney.  In  this  way  there  is  no  chance  of 
the  working  either  of  the  furnaces  or  boilers  being 
checked  by  alternations  of  temperature,  as  may  some- 
times be  the  case  when  only  one  or  two  furnaces  are 
used  with  a  separate  boiler. 

In  Hungary  and  Austria  different  combinations  of 
reheating  and  puddling  furnaces  fired  with  gaseous 
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fuel  have  been  recently  adopted.  At  Rhonitz  a 
furnace  of  this  kind  has  an  ordinary  gas  generating 
cham\er  for  burning  wood,  combined  with  ttree  | 
hearths  placed  in  one  longitudinal  series.  The  first 
t)f  these  is  intended  for  reheating  blooms  and  biDets 
of  iron.  It  receives  the  full  stream  of  the  heated 
gases — which  contain  no  nncombined  oxygen — from 
the  generator  before  they  reach  the  point  of  final  (M)m- 
bustion  at  the  top  blast  jets,  which  are  placed  in  tlie 
usual  position  above  the  fire-bridge  of  the  puddling 
hearth.  The  third  bed  is  used  for  wanning  up  the 
pig  iron  before  melting  it  in  the  puddling  procesi 
Lastly,  the  flame,  before  entering  the  stack,  is  carried 
roimd  a  blast-heating  arrangement  consisting  of  two 
vertical  cast-iron  pipes,  divided  by  central  partitions, 
which  raises  the  air  employed  in  the  top  blast  to  a 
temperature  of  200^. 

A  furnace  of  this  class  is  foimd  to  be  productive  of 
a  certain  economy  in  iron,  129|  lbs.  of  pig  iron  being 
sufficient  to  produce  100  lbs.  of  billets  instead  of  134  lbs., 
as  was  the  case  when  the  puddling  and  reheating  were 
eflfected  in  separate  furnaces.  The  saving  of  ftiel  is» 
however,  very  considerable,  7*9  cubic  feet  of  wood 
being  now  found  sufficient  when  18  cubic  feet  were 
formerly  required. 

A  somewhat  similar  combination  to  the  preceding 
is  applied  to  the  waste  heat  of  an  open  reheating  fire 
at  Reichenau.  The  hearth  is  of  the  usual  rectangular 
form,  but  is  blown  with  two  twyers  instead  of  one. 
The  fuel  employed  is  charcoal.  The  hood  covering 
the  hearth  resembles  the  roof  over  the  fireplace  of  a 
reverberatory  furnace.  The  flame,  together  with  a 
considerable  quantity  of  inflammable  gas  derived  from 
ilie  incomplete  combustion  of  charcoal  dust  or  braise 
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on  tlie  first  hearth,  is  led  into  the  second,  or  puddling 
bed,  where  it  meets  the  second  blast,  which  is  heated 
to  about  200°,  and  is  introduced  through  a  line  of 
narrow  twyers,  extending  along  the  fire-bridge,  and 
inclined  at  a  considerable  angle  to  the  direction  of  the 
gaseous  current.  Behind  the  puddling  bed  are  placed 
two  others,  for  warming  the  iron  at  various  stages  in 
the  process,  which  may  be  distinguished  as  Nos.  III. 
and  IV.,  and  the  lower  part  of  the  stack  contains  the 
blast-heating  pipes,  which  are  of  the  horizontal  serpen- 
tine form.  The  different  parts  of  this  furnace  used  are 
as  follows : — The  puddled  balls  from  the  second  bed, 
after  being  shingled  into  blooms,  are  subjected  to  a 
preliminary  heat  in  the  fourth,  or  last,  which  also 
serves  for  heating  the  pig  iron  previously  to  puddling, 
and  are  then  transferred  to  the  charcoal  fire,  No.  I., 
where  they  are  brought  up  to  the  proper  temperature 
for  conversion  into  puddled  slabs  or  rough  bars.  The 
finished  iron,  which  in  this  case  is  intended  for  waggon 
tires,  is  produced  by  reheating  the  rough  bars  of  the 
preceding  operation  in  hearth  No.  III.,  and  drawing 
them  to  the  proper  shape  under  the  hammer.  This  is 
said  to  be  a  very  economical  furnace,  in  spite  of  its 
apparent  complication.  The  consumption  of  materials 
in  the  different  stages  is  as  follows : — 

160  lbs.  pig  iron        give  100  lbs.  blooms; 

114  lbs.  blooms  „     100  lbs.  puddled  bars  ; 

104  lbs.  puddled  bars  ,,     100  lbs.  finished  tire  iion ; 

corresponding  to  a  total  consumption  of  126  lbs.  of 
pig  iron  and  12  cubic  feet  of  charcoal  per  100  lbs.  or 
finished  iron. 

Siemens'   regenerative   gas  furnace,    as   applied   to 
puddling,  is  similar  in  general  character  to  the  cast- 
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steel  melting  furnace  described  at  p.  358,  supposmga 
puddling  chamber  to  be  substituted  for  that  contain- 
ing the  melting  pot  a  in  Fig.  43.  The  puddlbg  \i^ 
is  made  of  cast-iron  plates,  surrounded  by  hoM 
boxes  cooled  with  water  in  the  usual  way ;  the  bridges 
and  flues  at  either  end  are  exactly  similar,  so  tki 
the  current  of  heated  gases  may  be  made  to  traTel  m 
either  direction  without  affecting^  the  working  o{  the 
furnace.  Below  the  ground  level  are  placed  four  large 
vaulted  chambers,  separated  from  eacb  other  by  tkk 
walls,  and  filled  with  fire-bricks  arranged  in  celliii^' 
piles,  similar  to  those  in  Oowper's  stove,  as  shown  it 
Fig.  15,  p.  170.  These,  the  so-called  regenerators,^ 
employed  to  keep  back  a  portion  of  the  heat  camw 
away  by  the  gases  after  they  have  done  their  work  i^ 
the  puddling  chamber,  and  which,  in  furnaces  of  tlie 
ordinary  construction,  is  lost  by  allowing  the  flaffi^  ^^  i 
pass  directly  into  the  chimney.  The  heat  taken  iip 
by  the  bricks  is  transferred  to  the  inflammable  g^'^ 
used  as  fuel,  and  the  air  intended  for  burning  tii^^ 
before  their  admission  to  the  point  of  actual  com- 
bustion, by  which  means  a  much  higher  temperatin^ 
can  be  obtained  than  is  possible  with  furnaces  of  ^^ 
ordinary  form,  burning  solid  fuel  on  a  grate. 

In  Figs.  39  and  40  (taken  from  Tomlinson's  ''Cyclo- 
paedia'') the  principal  details  of  the  regeneratire  f^' 
nace  are  shown  as  applied  to  plate-glass  melting,  &^^ 
although  intended  for  a  different  purpose  from  tia^  ^ 
present  under  consideration,  will  be  sufficient  to  iU^^' 
trate  the  principle  of  the  invention,  the  whole  of  ^^' 
construction  being  generally  similar,  with  the  exception 
of  course  of  the  chamber  containing  the  melting  pots  ^i 
which  we  must  imagine  to  be  replaced  by  a  puddlin? 
furnace  of  the  form  indicated  in  the  preceding  paragrapli- 
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The  gas  producer,  Fig  39,  is  a  large  cliamber,  of 


triangular  section,  capable  of  holding  several  tons  of 
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fuel,  small  coal  or  slack  being  usually  employetL  The 
charging  is  effected  through  the  stoppered  hole  a.  The 
coal  travels  slowly  down  the  inclined  wall  b,  becoming 
gradually  heated  and  parting  with  its  volatile  matteis 
until  it  reaches  the  step  grate  e.  This  is  formed  of  a  ' 
number  of  broad  thin-edged  bars,  overlapping  eacl 
other  like  the  laths  of  a  Venetian  blind,  so  as  to  leave 
only  a  series  of  narrow  spaces  between  them  for  tk 
admission  of  air.  The  combustion  goes  on  very  slowly. 
the  small  amount  of  carbonic  acid  produced  at  the  bars 
being  immediately  decomposed  by  the  thick  column  of 
incandescent  fuel  above,  so  that  the  contents  of  the 
chamber  are  gradually  converted  into  inflammable  gas, 
chiefly  carbonic  oxide,  which,  diluted  with  the  nitrogoi 
of  the  air  remaining  after  combustion,  is  subsequently  | 
employed  as  fuel  in  the  puddling  furnaces.  At  one 
time  a  certain  amoiuit  of  steam  was  introduced  from 
a  perforated  pipe  at  d,  which  was  filled  with  wat^r 
and  heated  by  the  spare  heat  of  the  fire.  The  steam, 
in  its  passage  over  the  ignited  carbon,  was  decomposed 
with  the  formation  of  carbonic  oxide  and  hydrogen, 
whereby  the  calorific  value  of  the  gas  was  considerably 
increased.  This  part  of  the  process  has  since  be^i 
given  up,  owing  to  the  difficulty  of  regulating  the 
amount  of  steam  injected,  and  the  great  absorption  of 
heat  caused  by  the  decomposition  was  found  to  give 
rise  to  an  injurious  local  cooling  unless  the  operation 
was  very  carefully  watched. 

The  gas  evolved  from  the  generator  passes  through 
Ihe  valve  g  into  the  stack  h,  whence  it  issues  at  a  tem- 
perature of  about  200°.  In  traversing  the  horizontal 
iron  pipe  p,  it  loses  about  one-half  of  its  heat,  so  that  its 
density  is  sufficiently  increased  in  the  descending  pipe 
p'  to  establish  a  continuous  draught  from  the  gas  pro- 
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dnced  towards  the  fdmace  without  the  use  of  a  special 
diinmey. 

The  position  of  the  two  generators/'"/""  is  shown 
in   the  half  plan  at  l  m  in  Fig  40     The  other  two, 


f'f",  are  similarly  placed,  as  indicated  hy  the  dotted 
lines.  The  airangement  of  the  hncks  will  he  nnder- 
fitood  from  the  section  in  Fig  39,  as  well  as  that 
already  given  m  Fig  15  They  are  worked  m  pairs, 
two  being  heated  by  the  waste  flame,  while  others  are 
giving  np  their  heat  to  the  cold  gases  and  air.  Owing 
to  the  large  amount  ef  surface  presented  by  the  bricks, 
the  absorption  of  the  surplus  is  effected  with  compa- 
rative rapidity,  and  the  temperature  of  the  current 
escaping  to  the  chimney  is  reduced  nearly  to  the 
boiling  point  of  water.  As  soon  as  the  brickwork 
has  attained  the  proper  temperature  in  two  of  the 
chambers,  the  current  is  turned  into  the  adjoining  pair 
by  reversing  the  valves  r  r,  Fig.  39,  and  r  r".  Fig.  40, 
and  the  heat  accumulated  in  the  brickwork  is  abstracted 
r2 
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by  cold  air,  to  pass  through  one,  and  gas  through  the 
other,  until  the  second  pair  is  heated,  and  so  on,  llu 
process  being  kept  up  continuously,  notwithstandnig 
the  intennittent  action  of  the  regen^ntors  taken  sepa- 
rately. 

TVlien  applied  to  puddling  iron,  a  current  of  heated 
gas  is  brought  into  the  fiimace  by  a  narrow  rectangak 
chamber,  opening  into  a  slit  in  the  body  of  the  fire- 
bridge. The  air  comes  through  a  parallel  flue  behind, 
and  at  a  higher  leyel,  in  order  that  it  may,  from  its  spe- 
cifically greater  weight,  Ml  towards  the  upward  stream 
of  gas,  and  become  perfectly  mixed.  As  in  all  other  gas 
furnaces,  the  nature  of  the  atmosphere  may  be  perfectlr 
regulated  by  varying  the  amount  of  air  introduced. 
This  is  a  point  of  great  importance  in  reheating  Airoaoes, 
where  it  is  necessary  to  keep  out  free  air  as  much  as  pos- 
sible, in  order  to  prevent  the  iron  from  burning  to  waste 

The  regenerative  principle  has  been  adopted  bj 
Lundin,  at  Munkforss,  in  Wermland,  for  a  gas- welding 
Aimace,  fired  with  a  very  unpromising  material,  namely, 
sawdust,  containing  from  50  to  60  per  cent,  of  water. 
A  condenser  containing  a  series  of  pipes,  terminated 
with  finely-perforated  injection  roses,  adjoins  the  gas 
producer,  so  that  the  issuing  current  of  gas  is  imme- 
diately brought  in  contact  with  a  shower  of  finely- 
divided  water,  the  jets  being  arranged  to  cross  each 
other,  and  reach  every  part  of  4ihe  condensing  chamber. 
The  temperature  is  thus  reduced  from  350°  or  400®  to 
35S  or  40^,  and  nearly  the  whole  of  the  steam  mixed 
with  the  gas  is  condensed,  together  with  the  tar,  pyro- 
ligaeous  acid,  and  such  other  volatile  substances  pro- 
duced from  the  destructive  distillation  of  the  sawdust 
as  may  be  susceptible  of  condensation  by  the  action  of 
water.     In  addition  to  the  water  jets,  a  second  con- 
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3QBing  chamber  is  used;  this  is  filled  with  wrought* 

on    bars,  piled  like  the  bricks  in  the  regenerators, 

,  liicli  are  cooled  by  a  constant  flow  of  water. 

.,  The   gas  issuing  from  the  condenser,  after  cooling 

ad  drying,  is  said  to  retain  only  4  per  cent,  of  water 

aponr.      Of  course  a  considerable  amount  of  heat  is 

;)st  by  the  enforced  cooling,  and  has  to  be  taken  up 

.gain   in   the  regenerators ;   but  this  disadvantage  is 

.mall  as  compared  with  the  increased  heating  power 

.gained  by  the  remoyal  of  the  water.     The  regenerators 

?or  heating  the  gas  are  one-fourth  larger  in  area  than 

:hose  through  which  the  air  passes.     The  consumption 

Df  sawdust  by  this  furnace  is  at  the  rate  of  from  11  to 

,14  cubic  feet  for  each  100  lbs.  of  finished  iron. 

According  to  Siemens'  calculation,  the  surface  neces- 
^sary  in  the  regenerators  is  six  square  feet,  to  take  up 
'the  heat  produced  by  the  combustion  of  one  pound  of 
"  coal  per  hour,  corresponding  to  510  square  feet  for  a 
consumption  of  10  cwt  in  the  day  of  24  hours.     The 
•  cubic  capacity  of  the  regenerators  for  this  amount  of  sur- 
'  face  is  122  cubic  feet ;  and,  as  the  bricks  occupy  half  the 
space,  the  volume  of  the  latter  is  61  cubic  feet,  and 
their  specific  gravity  1*8  making  a  weight  of  1,715  lb. 
for  each  chamber.     As  the  specific  heat  of  bricks  is 
0*21,  or  the  calorific  capacity  153*4,  they  may  be  con- 
sidered as  equivalent,  thermally,  to  1,260  lb.  of  gas,  or 
1,128  lb.  of  air.     As,  however,  it  is  necessary,  for  the 
complete  combustion  of  the  gases,  to  admit  an  amount 
of  air  not  less   than  20   per  cent,    in  excess  of  the 
theoretical  quantity,   the   air   regenerators   are   made 
larger  than  those  used  for  heating  the  gas  in  the  propor- 
tion of  7  to  4  as  a  maximum.    This  provision  for  vary- 
ing the  amount  of  air,  while  the  composition  of  the  gas 
remains  constant,  allows  the  production  of  a  neutral. 
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oxidiaing  or  reducing  flame,  according  to  the  reqnire- 
ments  of  the  process. 

An  investigation  of  the  calorific  efiect  of  the  Siemens' 
furnace,  in  regard  to  the  distribution  of  the  heat  de- 
veloped, has  been  recently  published  by  K!rans.  He 
calculates  that  the  amount  of  heat  expended  by  tbe 
indirect  consumption  of  the  fuel,  i.e.,  by  converting  it 
into  carbonic  oxide,  to  be  about  31 '7  per  cent,  of  tie 
theoretical  effect  produced  by  complete  eombustion. 

The  work  done  by  the  gas  burnt  in  the  furnace,  taking 
it  as  similar  in  composition  to  that  of  the  glass-melting 
furnaces  at  Saint  Gobain,  and  to  be  burnt  with  20  per 
cent,  excess  of  air,  is  as  follows  : — 

Heat  lost  in  the  stack       ....     11*31  per  cent.  ) 
„     „    in  the    regenerator   by  trans-  ">  i  o-fis  r  23*86 

mission     .        .        .         j  " 

„    employed  in  raising   iron  to    the  ^ 

-welding    temperature    taken    at  >  15*48         „ 

1600«        .        .        .        .         )  }•  76-14 

,,    remaining   in  furnace  and  trans-  )  ^.^  ^.^ 

mitted  thit)ugh  walls    .        .         j  ^"  ^^        » 

100-00  lOO-OO 

Of  the  total  heating  effect  derivable  from  the  gases, 
therefore,  76*14  per  cent,  is  utilised,  and  23*86  per  ceot 
lost,  or  rather,  not  applied  directly  to  the  work.  Taking 
into  account  the  loss  of  31*71  per  cent,  incurred  in  the 
gas  generator,  we  have,  as  the  total  duty  of  the  coal 
burnt,  52  per  cent.,  and  the  loss  48  per  cent.  When  it 
is  considered  that  these  figures  represent  a  result  many 
times  more  favourable,  as  regards  utilisation  of  heat, 
than  that  of  the  ordinary  system  of  burning  coals  on 
the  grate  of  a  reverbatory  furnace,  we  may  realise  to 
some  extent  the  enormous  loss  in  the  stack  of  an 
ordinary  puddling  or  heating  furnace. 

At  Weilersbach,    near   Trier,    pig,    smelted  with  a 
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aalxture  of  charcoal  and  coke,  is  treated  in  Siemens' 

puddling  furnace,   with    the    following  residt: — The 

charge,  weighing  4  cwt.,  is  worked  under  the  cinder, 

the  boiling  being  allowed  to  progress  for  some  time 

without   stirring,   by  which   means  a  pasty  mass   of 

white  iron,  containing  only  combined  carbon,  is  formed 

on  the  bottom  in   a  condition   favourable   for  being 

thoroughly  and  uniformly  worked  by  the  subsequent 

labour  of  the  puddler.     As  the  bed  of  the  furnace  is 

very  quickly  acted  upon,  it  is  necessary  to  cool  it  down 

after  the  working  of  each  heat,  and  repair  it  with  a  few 

shovelsful  of  hammer  scale,  and,  after  every  second  or 

third,  a  portion  of  malleable  scrap  is  added,  in  order 

to  keep  up  the  necessary  covering  of  slag  over  the  iron 

bottom.      In   ordinary  work,   10  heats  of  4  cwt.-  are 

made  in  the  24  hours.     100*5  lbs.  to  I06"51bs.  of  pig 

iron  is  required  per  100  lbs.  of  puddled  bars,  and  the 

consumption  of  coal  is  85  lbs.,  or,  in  the  most  favourable 

cases,  70  lbs.  With  the  ordinary  furnaces,  the  quantities 

are  115  lbs  of  pig  iron  and  140  lbs  of  coal  per  100  lbs.  of 

puddled  bars ;  showing  a  saving  of  from  7  to  8  per 

cent,  in  the  waste  of  iron,  and  about  50  per  cent,  in  the 

fuel.    At  De  Wendel's  works,  on  the  Moselle,  similar 

results  were    obtained   with    the  white  pig  iron   of 

Ilayange,  in  a  furnace  fitted  with  a  mechanical  puddler, 

and  taking  charges  of  8  cwt.     From  14  to  15  heats 

were  made  daily,  with  a  consumption  of  106  lbs.  of  pig 

iron  and  70  lbs.  of  coal  per  100  lbs.  of  puddled  bars;  but 

the  quality  of  the  latter  was  not  good,  the  amount  of 

phosphorus  retained  being  greater  than   in  the  bars 

produced  in  the  ordinary  furnace.     Kosman  attributes 

this  to  a  want  of  oxidising  power  in  the  flame,  and  to 

the  more  acid  character  of  the  slag  (it  contained  15  per 

cent,  of  silica,  as  against  12  per  cent,  in  the  ordinary 
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furnace),  which  worked  injorioaaly  by  being  deficient 
in  peroxide  or  magnetic  oxide  of  iron,  which  is  well 
known  to  be  the  most  potent  oxidising  agent  in  the 
process  of  puddling,  and  by  its  greater  fluidity,  whicL 
prevented  the  charge  being  thoroughly  worked  without 
a  great  loss  of  time.  The  extreme  heat  of  the  fdmaoe 
is  also  supposed  to  be  in  some  degpree  chargeable  with 
the  result,  as  the  affinity  of  carbon  for  iron  is  said  to 
be  increased  at  very  high  temperatures,  which  renders 
the  fining  difficult,  resulting  in  the  production  of  a 
steely,  imperfectly-refined  product,  instead  of  the  soft 
malleable  iron  required.  From  this  reasoning,  then- 
fore,  we  may  be  led  to  the  conclusion  that  the  Siemens' 
furnace  can  be  more  advantageously  applied  in  pro- 
cesses where  heat  alone  is  required,  as,  for  example,  in 
reheating,  or  the  fusion  of  steel,  than  for  puddling. 
At  Bolton,  the  results  obtained  in  this  furnace  are  as 
follows,  according  to  Siemens : — ^The  yield  was  at  the 
rate  of  20  cwt.  2  qrs.  2  lbs.  of  pig  iron  per  ton  of  pud- 
dled bar  ;  while,  in  the  ordinary  furnace,  22  cwt.  2  qn. 
20  lbs.  were  required,  thus  showing  a  saving,  as  far  as 
loss  of  iron  is  concerned,  of  about  1 0^  per  cent.  The  gas 
furnace  worked  off  eighteen  heats  per  shift  of  24  hours, 
while  the  ordinary  furnace  made  only  twelve  in  the 
same  time.  The  exact  saving  of  fuel  could  not  be  ascer- 
tained, because  some  reheating  furnaces  were  worked 
from  the  same  set  of  gas-producers,  but  it  is  estimated 
at  from  40  to  50  per  cent.  The  amount  of  red  ores 
used  for  fettling  was  somewhat  increased,  but  when 
the  furnace  was  supplied  with  water  bridges  this  was 
reduced  to  the  average  proportion  of  92*6  lbs,  per 
charge,  in  addition  to  the  ordinary  allowance  of  bull- 
dog, while  the  yield  per  charge  of  184  lbs.  of  grey 
forge  pig  was  increased  to  4^5  lbs.  of  puddled  bar,  or  a 
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slight  gain  on  the  weight  instead  of  the  ordinary  loss 
of  12  per  cent. 

At  Monkbridge,  near  Leeds,  the  yield  of  puddled 
bars  was  95  per  cent,  of  the  weight  of  the  pig  iron 
charged,  while  in  the  ordinary  furnace  it  was  only 
88  per  cent. ;  in  the  former  case,  however,  red  ore  was 
used  to  the  extent  of  1  cwt.  per  charge  of  6  cwt.  of 
grey  forge  pig,  while  in  the  latter  only  one-third  of 
that  quantity  was  used  for  the  same  weight  of  charge. 
There  was  a  saving  of  fuel  in  the  proportion  of  16  cwt. 
to  20  cwt;  but  this  was  only  obtained  by  tlie  use  of  a 
better  quality  of  coal  in  the  gas  producers  than  was 
required  in  the  ordinary  furnaces,  this  being  in  part 
due  to  the  gas  being  employed  for  reheating  and  steel 
melting  as  well  as  puddling.  The  furnace  required 
greater  care  in  its  management  than  the  ordinary  kind. 


CHAPTER  XVIII. 

METHODS  OF  PRODUCING   STEEL. 

Methods  of '  Producing  Steel  It  has  already  been 
stated  that  steel  forms  an  intermediate  linlr  between 
ordinary  cast  and  malleable  iron,  and  unites  in  a 
greater  or  less  degree  the  properties  of  both.  Its 
distinguishing  characteristic,  however,  is  the  power  of 
being  hardened  or  softened  at  pleasure  by  sudden  or 
slow  cooling  from  a  high  temperature. 

The  following  are  the  principal  methods  of  making 
steel : — 

1.  By  the  Catalan  forge,  directly  from  the  ore. 

2.  From  pig  iron,  by  fusion  and  partial  oxidation  in 
the  hearth  finery. 

3.  From  the  same  metal,  by  a  similar  process  in  the 
puddling  furnace. 

R  3 
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4.  By  exposing  bar  iron  to  the  action  of  solid  or 
gaseouB  carbonaceous  matter  at  a  temperature  below  its 
melting  point.  This  method  is  known  as  conversion  by 
cementation,  and  the  amount  of  change  produced  is 
mainly  dependent  upon  the  time  employed.  When 
merely  a  surface  coating  of  steel  is  required,  the  process 
adopted  is  known  as  case-hardening;  while,  on  the 
other  hand,  if  sufficiently  long  continued,  the  iron  may 
be  completely  converted  into  cast  iron. 

A  process  which  may  be  regarded  as  the  reverse  of 
cementation  is  practised  to  a  certain  extent  upon  cast 
iron,  by  exposing  it  to  heat  in  closed  vessels  filled  with 
finely-powdered  hematite.  The  surface  of  the  casting 
is  decarburised  at  the  expense  of  the  oxygen  o(  the 
peroxide  of  iron,  with  the  production  of  a  malleable 
coating.  This  is  known  as  the  method  of  making 
malleable  cast  iron. 

In  the  above  processes  steel  is  ^produced  without 
melting,  and  is  converted  into  bars  by  hammering  and 
rolling,  in  a  similar  manner  to  that  adopted  in  ^^^ 
manufacture  of  malleable  iron.  A  more  homogeneous 
product  may  be  obtained  by  fusion,  according  to  the 
following  methods : — 

5.  The  cemented  or  blister  steel  produced  in  No.  4 
is  broken  up  into  small  pieces  and  melted  in  crucibles, 
with  or  without  fluxes,  in  quantities  of  from  60  to 
80  lbs.  This  is  the  original  method  of  making  cast 
steel  introduced  by  Huntsman,  in  the  neighbourhood  of 
Sheffield,  and  is  still  largely  used  in  the  same  district 

•  for  the  production  of  the  higher  class  of  cutlery  and 
tool  steel. 

6.  By  blowing  air  through  molten  pig  iron  until  it 
is  wholly  or  partially  decarburised.  In  the  fonner 
case  the  necessary  amount  of  carbon  is  restored  by  the 
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addition  of  highly-carburised  pig,  sucli  as  spicgel- 
eisen,  in  small  quantity.  This  is  what  is  known  as 
Sessemer's  process. 

In  addition  to  the  above  processes,  several  new 
methods  of  making  cast  steel  have  been  proposed  and 
adopted  to  a  certain  extent,  but  not  generally.  The 
essence  of  these  methods  consist  in  fusing  cast  iron 
with  oxidising,  or  wrought  iron  with  carburising 
additions,  or  by  fusing  cast  and  wrought  iron  in  proper 
proportions  alone,  as  in  the  last  step  of  the  Bessemer 
process.  The  following  are  some  of  the  more  promi- 
nent : — 

Tfchatiui  Process.  This  consists  in  melting  in  cru 
cibles  granulated  pig  iron  with  peroxide  of  iron,  pro- 
duced from  roasted  spathic  iron  ore,  and  a  small  quantity 
of  oxide  of  manganese.  By  varying  the  proportions  ot 
metal  and  ore,  and  especially  by  the  addition  of  a 
certain  quantity  of  malleable  scrap  iron,  a  softer  or 
milder  steel  may  be  obtained. 

Obuchow^s  method  of  producing  cast  steel  is  generally 
similar  to  that  of  TJchatius.     White  pig  iron  is  fused 
with  malleable  iron  or  steel  scrap,  with  variable  addi- 
tions of  magnetic  iron  ore,  titaniferous  black  sand,  such 
as  is  obtained  in  gold- washing,  arsenious  acid,  nitre, 
and  clay,  or  with  arsenious  acid  and  magnetite  alone. 
The  operation  is  conducted  as  follows : — The  scrap  iron, 
magnetic  oxide,  and  clay  are  placed  in  a  large  clay 
crucible  which  has  been  previously  brought  up  nearly 
to  a  white  heat ;  the  cast  iron  is  then  run  in  melted 
from  a  cupola,  and  the  crucible  is  heated  until  the 
contents  are  perfectly  fluid ;  the  remaining  ingredients, 
namely,  arsenious  acid  and  nitre,  are  then  added,  the 
whole  being  well  stirred.     The  steel  is  cast  in  closed 
cast-iron  moidds,  and  the  ingots,  as  soon  as  they  have 
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cooled  down  to  a  red  heat,  are  removed,  and  taken  at 
once  to  the  hammer  and  tilted. 

Price  and  Nicholson's  process  consists  in  melting  mal- 
leable iron  with  refined  metal,  that  is,  pig  iron  free  from 
silicon,  the  relative  proportions  of  the  two  metals 
being  adjusted  according  to'  the  character  of  the  steel 
that  it  is  desired  to  produce. 

Indian  cast  steel,  or  Wootz,  is  made  from  malleable 
iron  cut  into  small  pieces,  which  are  charged  in 
quantities  of  about  1  lb.  weight  in  clay  crucibles, 
together  with  about  10  per  cent,  of  dried  wood  of 
Cassia  auriculata,  and  two  or  three  leaves  of  Jisclepias 
gigantea.  The  covers  of  the  crucibles  are  luted  on  with 
clay,  and  when  dry,  some  twenty  are  heated  together 
in  a  charcoal  hearth  for  about  two  hours.  On  breaking 
the  crucible  after  fusion,  a  round  cake  of  steel  is 
obtained,  about  1  inch  in  thickness  and  5  inches  in 
diameter,  which  is  perfectly  smelted,  and  usually  pre- 
sents a  series  of  finely-radiating  striations  on  its  upper 
surface.  Woot^  is  extremely  hard,  containing  a  large 
amount  of  carbon,  and  requires  great  care  in  tempering 
and  forging. 

The  addition  of  charcoal  or  other  carbonaceous 
matter  in  the  ftision  of  blister  steel  fiimishes  a  ready 
method  of  controlling  the  hardness  of  cast  steel,  and 
is  conamonly  practised,  especially  where  a  proportion 
of  malleable  iron  is  added  to  the  charge.  The  same 
efiPect  may  be  produced  by  the  use  of  crucibles  made  of 
blacklead  instead  of 'day,  the  carbon  required  for  the 
conversion  of  the  malleable  iron  into  steel  being  fur- 
nished by  the  substance  of  the  crucible:  the  latter 
modification  is  said  to  be  largely  used  by  Krupp  at 
Essen,  in  Westphalia. 

In  making  the  so-called  natural  steel  in  open  firop, 
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a  inetliod  tliat  was  formerly  practised  to  a  considerable 

extent    in    Styria,   Westphalia,  and    other   parts   of 

Europe,  but  which  is  now  being  rapidly  superseded  by 

more  improved  processes,  the  hearth  differs  £rom  that 

used  in  making  malleable  iron  by  having  less  depth, 

while  the  twyer  is  at  a  lower  level  and  more  strongly 

iuclined,  as  the  molten  mass  is  not  brought  directly 

before  the  twyer,  but  is  decarburised  under  the  joint 

influence  of  the  blast   and    slag,  with  an   increased 

expenditure  of  time  and  fad.    As  a  rule,  about  double 

the  quantity  of  coal  and  one-half  more  time  is  reqtdred 

to  convert  a  charge  of  pig  iron  into  steel  than  woidd 

be  the  case  if  the  same  weight  was  operated  upon  for 

malleable  iron.     The  best  varieties  of  pig  iron  for  the 

purpose  are  those  containing  a  considerable  quantity  of 

carbon,  such  as  spiegeleisen,  or  the    strongly-mottled 

variety  called  blumige  floss,  containing  flowers  or  spots 

of  grey  upon  a  white  ground.     Dark  grey  pig  can  be 

used,  but  should  first  be  subjected  to  refining. 

In  Styria  the  process  is  conducted  on  hearths,  with  a 

bottom  of  charcoal  dust  about  12  inches  thick.    The 

first  portion  of  the  charge,  weighing  120  lbs.,  is  melted 

down  with  a  small  quantity  of  cinder,  the  latter  being 

strewed  over  the  coals,  the  reheating  of  the  blooms 

[tnasseln),  about  ten  or  twelve  in  all,  from  the  former 

operation,  going  on  at  the  same  time.    When  only  two 

blooms  are  left,  a  further  addition  of  pig  iron  is  made 

to  the  extent  of  from  30  to  60  lbs.,  and  the  blowing 

is  continued  until  the  hearth  is  filled  to  within  1  or  2 

inches  of  the  twyer.     The  fire  is  then  allowed  to  go 

down  quickly,  the  slag  is  tapped  through  a  hole  in 

the  front  plate  into  a  trough  filled  with  water,  and  the 

lump  of  crude  steel  remaming  in  the  hearth  is  allowed 

to  cool,  out  of  contact  of  the  air,  by  covering  it  with 
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a  shovelful  of  moistened  cinders.  In  about  a  quartei 
or  half  an  hour  after  stopping  the  blast,  the  lump  ia 
lifted  out  of  the  furnace,  and  is  then  divided  under 
the  hammer  into  ten  or  twelve  pieces,  which,  as  has 
already  been  stated,  are  reheated  during  the  fining  of 
the  next  charge. 

The  bars  drawn  under  the  hanmier  are  hardened  by 
quenching  in  cold  water,  and  broken,  in  order  to  test 
their  quality.  They  are  sorted  according  to  hardness 
into  several  classes,  distinguished  by  special  names. 
The  best  are  known  as  chisel  or  tool  steel,  noble  steel, 
and  crude  steel,  below  which  come  a  variety  of  steely 
irons,  used  for  scythe-making,  waggon- wheel  tires, 
and  similar  purposes.  Usually  the  forges  are  small, 
each  containing  two  fires  and  a  hammer,  having  three 
water  wheels,  two  for  the  bellows,  and  one  driving  the 
hammer,  which  weighs  fix)m  6  to  6  cwt.,  making  from 
70  to  120  strokes  per  minute,  with  a  maximum  lift  ^^ 
about  2  feet.  When  small-sized  bars  or  scythes  are 
made  in  the  same  forge,  a  lighter  tilt-hammer  of  3  or 
4  cwt.  is  generally  used.  With  both  fires  at  work, 
four  men  produce  about  12  or  16  cwt.  of  crude  steel 
blooms  in  sixteen  hours.  The  consumption  of  charcoal 
is  about  30  cubic  feet  per  cwt.  under  ordinary  condi- 
tions, but  may  be  reduced  to  between  22  and  26  cubic 
feet  by  using  covered  hearths  and  hot  blast.  The 
proportional  yield  of  the  difPerent  kinds  of  steel  is 
as  follows  for  every  100  parts  of  pig  iron  treated  :— 

60  parts  of  steel  of  all  kinds  (crude,  noble,  and  chisel  stee)}* 

20  „        mock,  or  over-refined  steel,  containing  soft  iroD. 

10  „         steely  iron  of  different  kinds. 

10  I,         loss. 

100 
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The  Carmtliiaii  process  is  carried   out  with  much 
Larger  quantities  of  pig  iron   at   one  time  than  the 
Styrian.    The  charge,  weighing  about  6  cwt.,  is  melted 
down  in  a  hearth  some  2  feet  square,  with  an  effective 
depth  of  from  7  to  9  inches  below  the  twyer.     The 
bottom  of  the  hearth  is  lined  with  charcoal  dust  or 
brasque  in  the  usual  way.     The  twyer  is  about   IJ 
inches    wide,   and   plunges   from  10°-  to   16^.     The 
charge  is  kept  melted  before  the  blast  for  three  hours, 
as  in  the  ordinary  process  of  refining,  and  after  re- 
moval  of  the  slag,  is  converted  into  thin  plates  by 
throwing  water  on  the  surface,  and  stripping  oflf  the 
chilled  metal  in  crusts  or  discs  of  about  1  or  1^  inch 
thick.     After  the  fire  is  made  up,  the  first  portion  of 
the  bloom   obtained   in   the  preceding    operation    is 
reheated  and  hammered — an  operation  requiring  about 
an  hour  and  a  half.    A  quantity  of  from  40  to  70  lbs.  of 
pig  iron,  with  a  little  cinder,  is  then  melted  down  gradu- 
ally, and  upon  this  the  refined  metal  of  the  first  opera- 
tion is  added  by  small  quantities  at  a  time,  until  the 
whole  charge  forms  a  more  or  less  pasty  or  imperfectly 
fluid  mass   (sauer)    on  the    hearth  bottom,   which  is 
broken  up  with  a  bar  and  piled  into  a  heap  in  the 
centre.      The  amount  of  working  depends  upon  the 
feel  of  the  iron.     If  it  dri^s  too  rapidly,  fresh  pig  iron 
must  be  added,  while  in  the  opposite  case  of  being  too 
fluid,  oxidation  is  promoted  by  the  addition  of  hammer 
scale.     The  upper  portion  of  the  mass,  being  under  the 
influence  of  the  blast,  loses  its  carbon ;  while  the  lower 
part,  being  in  coptact  with  the  glowing  charcoal  lining 
the  hearth  remains  in  the  condition  of  cast  iron.     After 
making  up  the  pile,  the  second  portion  of  the  previous 
bloom  is  reheated,  and  when  this  is  finished,  the  con- 
tents of  the  hearth,  having  subsided  to  a  uniform  level 
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surface,  ore  found  to  be  sufficiently  fined  to  allow  tlie 
formation  of  a  fresh  bloom,  which  is  broken  out  ani 
divided  into  two  parts  for  further  treatment.  Tlit 
half  blooms  are  again  divided,  and  finally  finished  into 
bars,  which  are  hardened,  broken,  and  selected  in  the 
same  way  as  in  Styria. 

It  will  be  seen  that  the  same  hearth  is,  in  addition 
to  its  proper  work,  made  to  do  duty  alternately  as  a 
refinery  and  reheating  fire,  an  arrangement  that  mast 
be  attended  with  considerable  waste  both  of  time  and 
fuel.  The  loss  upon  the  pig  iron  is  from  20  to  30 
per  ceat,  including  the  reheating ;  the  consumptioii 
of  charcoal  is  from  40  to  60  cubic  feet  per  cwt.  Aboot 
75  per  cent,  of  the  prodlice  is  good  steel,  which  is 
reheated  in  special  small  fires,  and  drawn  under  h^i 
hammers  into  bars,  which  are  packed  in  cases  and  sol 
as  Brescian  steel.  ^ 

The  so-caUed  true  Brescian  process  practised  a 
Paal,  in  Styria,  differs  in  certain  details  of  manipw!^* 
tion  from  the  preceding,  the  most  important  fors^ 
being,  that  in  reheating  the  blooms,  they  are  plung*" 
into  the  bath  of  molten  pig  iron,  whereby  they  uaderff 
a  kind  of  surface  hardening  by  cementation. 

In  Siegen,  where  spiegeleisen  is,  or  was,  tonn^^J 
treated  in  the  open  fire,  the  charge  is  melted  down  ^ 
small  quantities  of  60  or  80  lbs.  weight  upon  a  hotiK^ 
of  mottled  iron.  As  soon  as  fusion  commences  the  slag 
is  tapped  to  within  2 J  inches  of  the  bottom,  and  furth^^ 
additions  of  spiegeleisen  are  made  in  diminishing  q^^' 
tities,  from  40  lbs.  at  the  fifth  to  20  lbs.  at  the  seventi 
and  last  charge.  It  is  sought  as  much  as  possible  to 
keep  the  mass  at  the  consistency  of  soft  butter  ixava? 
the  entire  operation.  .The  bloom  (schrei)  ultimately 
obtained  weighs  4  cwt.,  the  time  required  being  abou^ 
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eight  hours.  It  is  divided  into  seven  or  eight  pieces, 
-w^liich.  are  tilted  into  bars,  with  a  loss  of  about  20 
per  cent.  Beckoned  upon  the  pig  iron,  the  loss  is  30 
per  cent.,  100  lbs.  giving  70  lbs.  of  steel,  of  which 
about  three-fourths  are  of  good  quality,  and  capable  of 
"being  properly  hardened,  and  the  remainder  mild  steel 
or  steely  iron.  It  is  doubtful  whether  this  process  is 
still  practised,  having  latterly  been  superseded  by  the 
method  of  steel  puddling. 

Puddled  Steel.     There    is    no    essential    difference 

between  the  methods  of  making  wrought  iron   and 

steel  in  the  puddling  furnace,  other  than  the  degree  of 

decarburisation  to  which  the  pig  iron  is  subjected.    The 

most  highly-carburised  varieties  of  pig  iron,  especially 

those    containing  manganese,  such    as    spiegeleisen, 

are  best   adapted  for  the  process.      The  furnace   is 

usually  of  a  somewhat  smaller  size  than  that  employed 

for  making  malleable  iron ;  or  rather,  the  size  of  the 

bed  is  diminished  in  proportion  to  that  of  the  fireplace 

and  stack,  in  order  to  be  able  to  conmiand  a  very  high 

temperature.     The  charge  does  not  usually  exceed  3  or 

3^  cwt.,  which  is  introduced  in  fragments  as  nearly 

as  possible  of  the  same  size  and  thickness,  and  spread 

out  so  as  to  expose  a  large  surface  to  the  flame,  in 

order  that  fusion  may  be  effected  uniformly  and  without 

much  oxidation.  The  use  of  only  one  kind  or  class  of  pig 

iron  is  also  necessary,  otherwise,  supposing  white  and 

grey  iron  to  be  mixed,  a  portion  of  the  charge  would 

probably  fine  and  come  to  nature   while  the  more 

fusible  part  was  still  unchanged.     This  is  exactly  the 

reverse  condition  to  that    required    in  puddling  for 

malleable  iron,  where  a  mixture  of  two  different  kinds 

of  pigs  has  an  advantageous  effect  in  accelerating  the 

process.     In  steel  puddling,  on  the  other  hand,  the 
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eharge  is  rendered  perfectly  fluid,  and  ooTered  witL 
molten  slag,   in  order    that  tlie   fining   may   go  (h: 
slowly  and  uniformly.     The  presence  of  protoxide  of 
manganese  in  the  slag  is  important,  as  contributing 
fluidity  without  increasing  the  decarburising  influence. 
By  keeping  the  contents  of  the  Aimace  well  stirred 
together  during  the  second  part  of  the  process,  tlie 
iron  separated  in  the  malleable  condition  may,  in  the 
event    of   its  becoming   too    much    decarburised,  be 
brought  back  to  the  proper  condition   by  dissolving 
it  in  the  unaltered  pig  iron  below,   in    a  somewkt 
similar  manner  to  that  practised  in  the  Siegen  open- 
fire  process,  where  the  iron  is  prevented  from  drying 
to  too   stiff  a  consistency  by  the  addition   of  firesli 
quantities  of  pig  iron  at  intervals.     In  order  to  induce 
fining  in  the  molten  mass,  the  damper  must  be  closed 
until  the  charge  thickens  and  commences  to  rise,  when 
the  heat  must  be  careAilly  raised  during  the  time  of 
stirring,  which  usually  takes  from  thirty-five  to  forty- 
five  minutes,  or  somewhat  longer  than  is  the  case  in 
puddling  for  malleable  iron.     The  high  temperature 
prevailing  in  the  furnace  keeps  the  contents  of  the 
hearth  well  melted,  and  by  continued  stirring,  fresh 
particles  of  metal  are  constantly  brought  to  the  surface 
of  the  fluid  covering  of  slag.     The  appearance  of  fine, 
white,  brilliant  grains  is  a  sign  of  the  process  going  on 
well,   and  indicates  the  formation  of  steel  of  good 
quality  and  uniform  texture.     If,  on  the  other  hand, 
the  separated  grains  are  large,  and  resemble  snow- 
flakes,  the  product  is  likely  to  be  of  a  coarse  fracture, 
and  imperfectly  refined.     The  slag  must  be  less  basic 
than  that  formed  in  puddling  for  malleable  iron,  as  the 
presence  of  a  large  excess  of  oxides  of  iron  not  only 
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reduces  the  fluidity,  but  acts  too  energetically  on  the 
"removal  of  the  combined  carbon  from  the  pig  iron. 

The  balling  of  the  granular  clots  of  steel  as  they 

'  3onie  to  nature  is  an  operation  requiring  considerable 

'^ skill;  it  must  be  done  in  a  neutral  or  non-oxidising 

'atmosphere,    such    as    is    obtained    by    shutting  the 

'damper,  and  keeping  the  hearth  filled  with  flame  and 

smoke  with  an  ordinary  furnace,  or  shutting  off  the 

'top  blast  when  a  gas  farnace  is  used.     The  balls  are 

"^shingled  at  a  lower  temperature  than  those  of  malleable 

'  iron,  and  when  they  cannot  be  immediately  taken  to 

"the  hammer,  are  protected  against  oxidation  by  rolling 

them  in  the  melted  slag,  so  as  to  obtain  a  superficial 

crust  or  varnish,  which  excludes  the  air  from  contact 

"with  the  heated  metal. 

The  slowness  of  the  fining  process,  and  the  extra 
amount  of  stirring  required,  are  sufficient  to  explain 
the  apparent  anomaly  that  a  partial  should  require 
'  longer  time  than  a  complete  decarburisation.  Under 
ordinary  circumstances  the  time  required  for  working 
off  a  heat  is  in  either  case  as  follows  : — 

Fibrous  Iron.  Steel. 

Melting  down     .     .  30  to  40  minutes  40  to  50  minutes. 

Stirring    ....  30  „  35       „  45  „  50       „ 

Boiling  and  fining  .  25  „  30       „  20  „  25 
Balling     ....              10      „  10 
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As  originally  described  in  the  specification  of  Biepe, 
by  whom  the  process  was  introduced  into  England,  the 
charge  recommended  to  be  used  is  280  lbs.,  which  is  to 
be  exposed  to  a  red  heat  until  the  metal  begins  to  fuse. 
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when  the  temperature  is  reduced  by  lowering  the 
damper.  Forge  or  mill  cinder,  to  the  extent  of  twehe 
or  sixteen  shovelsful,  is  then  added,  and  when  the  whole 
was  melted,  a  small  quantity  of  peroxide  of  manganese 
salt  and  clay  ground  together.  After  this  mixture  has 
acted  for  a  few  minutes  the  damper  is  fully  opened, 
and  about  40  lbs.  of  pig  iron  is  placed  upon  an  elevated 
bed  of  cinder  near  the  fire-bridge.  When  this  begins  to 
trickle  down,  and  the  boiling  of  the  contents  of  the 
furnace  conmiences,  it  is  raked  into  the  hearth,  and 
the  whole  mass  is  well  mixed  together.  When  the 
grains  of  steel  begin  to  break  through  the  cinder,  as 
already  described,  the  damper  is  to  be  partially  closed, 
and  the  operation  of  stirring  below  the  cinder  com- 
menced, taking  care  that  the  heat  be  not  raised  aboye 
cherry  redness,  or  the  welding  temperature  of  shear 
steel.  The  remainder  of  the  process  of  balling  is  done 
with  a  closed  damper,  as  already  described. 

It  appears  to  be  doubtful,  according  to  the  state- 
ments of  most  of  the  recent  writers  on  the  subject, 
whether  the  process  can  be  properly  conducted  at  the 
low  temperature  specified.  The  use  of  the  highest  heat 
attainable  in  the  puddling  furnace  was  afterwards 
claimed  by  another  patentee,  and  on  subsequent  litiga- 
tion, the  term  "cherry  redness"  was  explained  as  mean- 
ing a  bright  red  heat  when  the  furnace  was  illuminated 
by  direct  sunlight.  Parry  states  that  if  the  heat  be 
too  high  during  the  boiling,  the  mixed  cinder  and 
metal  separate  from  each  other,  and  the  decarburisation 
proceeds  slowly  ;  while,  on  the  other  hand,  if  the  tem- 
perature be  too  low,  the  cinder  and  metal  cannot  be 
properly  mixed,  being  of  too  stiff  a  consistency,  and 
the  steel  will  not  be  homogeneous.  The  temperature 
must  be  raised  to  a  full  yellow  heat  on  the  appearance 
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)f  the  floating  granules  in  the  slag.  The  fire  should 
>e  made  up  at  the  end  of  the  boiling  process,  in  order 
;o  prevent  the  passage  of  air  by  opening  the  fire-hole 
luring  the  balling. 

It  is  necessary  to  shingle  the  balls  as  soon  as  possible, 
n  order  to  prevent  the  decarburising  action  of  the  rich 
lag  retained  by  capillary  attraction  upon  the  spongy 
Darticles  of  steel.  When  the  slag  is  poor  in  protoxide 
)f  iron  it  sets  very  quickly,  and  when  more  basic,  acts 
DowerfuUy  in  removing  carbon.  The  presence  of 
)xide  of  manganese  is  advantageous,  as  communicating 
luidity  without  increasing  the  oxidising  effect — a 
3oint  of  considerable  importance,  as  the  shingling 
}akes  place  at  a  lower  temperature  than  is  the  case 
ivlth  malleable  iron.  In  some  cases  an  addition  of 
peroxide  of  manganese  is  made  immediately  before 
balling,  or  the  mixture  of  peroxide  of  manganese,  clay, 
and  salt,  already  mentioned  as  recommended  by  Schaf- 
haiiU  for  improving  ordinary  iron,  is-  added  at  inter- 
vals after  the  melting  down  of  the  pig  iron  during  the 
stirring. 

At  Lohe,  in  Siegen,  twelve  heats  of  3|  cwt.  of  white 
fibrous  "  steel "  pig  iron  are  puddled  in  the  turn  of 
twelve  hours.  Each  charge  yields  from  seven  to  eight 
balls,  weighing  40  lbs.  each.  The  loss  upon  the  pig  iron 
is  9  per  cent,  in  puddling,  with  a  further  amoimt  of  11 
per  cent,  upon  the  reheating,  which  is  done  in  covered 
hearths  with  a  single  twyer,  somewhat  like  the  South 
Wales  hollow  fire.  The  blooms  are  drawn  into  bars 
und^  a  tilt  hammer.  The  produce  is  assorted  accord- 
ing to  the  fracture :  78  per  cent,  is  good  hard  steel, 
capable  of  being  broken  when  cooled  in  water;  the 
remaining  22  per  cent,  is  more  or  less  mixed  with  soft 
iron.     The  total   expenditure   of    coal  is  double   the 


382  METALLURGY    OF    IRON. 

\ 

weight  of  the  steel  produced:  out  of  this  84  per  cent . 
goes  for  puddling,  and  the  remaining  16  per  cent,  k 
reheating.  These  quantities  refer  to  Ruhr  coal,  wMci 
is  not  of  a  very  high  quality.  The  total  productioi 
for  twelve  hours  is  about  34  cwt. 

When  grey  pig  iron  is  used,  either  alone  or  mixet 
with  motUed,  it  is  necessary  to  add  from  10  to  15  per 
cent,  of  scale  and  cinder.  In  such  cases  the  consump- 
tion of  coal  may  be  somewhat  increased,  as  the  proc^ 
lasts  a  little  longer  than  when  working'  with  iron  smefe 
from  spathic  ores.  In  Styrian  works  using  lignite,  witt 
the  advantage  of  good  pig  iron,  the  consumption  is  from 
32  to  42  cwt.  per  ton  of  steel  blooms  made,  without 
counting  charcoal  and  wood  for  reheating. 

The  use  of  gas  furnaces  is  said  to  be  of  great  advants^ 
in  the  steel-puddling  process,  both  as  regards  saving  oi 
fuel  and  diminishing  the  waste  of  iron.  At^Kircn- 
hunden,  in  Siegen,  the  saviog  is  stated  at  from  35  tof' 
per  cent,  in  the  eoal,  and  from  9  to  10  per  cent,  on  the 
amount  of  iron  burnt.  According  to  observations  made 
in  several  localities,  the  consumption  of  fuel  is  ^' 
nished  when  the  sides  of  the  hearth  are  cooled  by  * 
circulation  of  air  instead  of  water. 

The  chemical  changes  going  on  in  the  process  of  steel 
puddling  have  been  investigated  by  Schilling  and  ow^ 
chemists  in  a  similar  manner  to  that  followed  origin^^y 
by  Calvert  and  Johnson.  The  following  are  Schillii^F* 
results  of  the  composition  of  the  metal  and  slag  at  ^|' 
ferent  points  of  the  process,  as  carried  out  at  Zorge,  ^ 
Hanover.  The  charge  consisted  of  white  pig  iron  from 
Gittelde,  and  grey  from  Zorge,  mixed  in  equal  weigb*^- 
The  fuel  employed  in  the  blast  furnace  was  charcoalj 
tlie  consumption  being  at  the  rate  of  100  lbs.  for  every 
87  lbs.  of  pig  iron  produced  : — 
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The  metal  of  the  sample  No.  III.  was  tough  and  strong 
east  iron ;  No.  IV.,  taken  after  five  tools  had  been  heated 
iBi  rabbling,  was  stronger  than  the  preceding,  but  of  a 
tin- white  colour ;  No. V.  was  very  cellular,  and  resemble! 
white  pig  iron,  but  was  slightly  malleable  ;  No.  VI.  va< 
decidedly  malleable,  and  apparently  possessed  most  oi 
the  properties  of  steel,  notwithstanding'  the  large  amonnt 
of  carbon  present.  No  increase  of  carbon  was  obserred 
in  the  earlier  stages  of  the  process,  as  recorded  by 
Calvert  and  Johnson,  and  Lan.  Schilling  ascribes 
this  difference  to  the  use  of  a  gas  furnace,  and  the  in- 
troduction of  an  excess  of  air  into  the  furnace  by  tbt 
top  blast : — 


CORBESPONDn^G    COMPOSITION  OP    S1.A.6S. 
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IV. 

▼. 

VI. 

vn. 

VIII. 

1' 

X. 

Silica 

20-98 

20-61 

2012 

20-34 

20-271  20-40 

20-5': 

Fhospborio  acid 

6-25 

6-26 

6-25 

6-25 

5-25 

6-25 

5-i5 

Peroxide  of  iron 

7-12 

409 

4-12 

6-20 

6-20 

4-96 

6-2^ 

Protoxide  of  iron 

68-98 

6203 

6214 

61-20 

61-20 

61-34 

59-S> 

Alumina  . 

2-78 

2-82 

2-87 

2-87 

2-91 

3*05 

2-S6 

Protoxide   of    ) 
manganese 

1-64 

1-64 

1-64 

1-64 

1:64 

1  64 

1-W 

1 

lime 

1-84 

2-14 

2-04 

1-69 

2-12 

1-72 

1-69 

Magnesia . 

1-62 

1-61 

1-63 

1-62 

2-04 

1-81      Kd. 

Alkalies     . 

0-93 

0.82 

assumed  at  0*87                1 

Sulphuric  acid 

trace                         not  determined 
f-           1            1            1 

1 

101-14 

100-81 

100-68 

100-68 

101-60 

10103 

100-74 

In  these  slags,  which  are  nearly  uniform  in  compo- 
sition throughout,  the  oxygen  ratio  of  acid  to  bases  is 
as  11*687  :  18*212,  or  nearly  1  : 1 J  that  of  a  sesquibasic 
silicate.  This  is  supposing  the  peroxide  of  iron  to  l)e 
in  combination  with  silica,  and  not  replacing  it.  The 
large  and  constant  amount  of  phosphoric  acid  is  ascribed, 
not  to  the  oxidation  of  phosphorus  contained  in  the 
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ig  iron,  wliich  is  olmomsly  In  too  small  a  quantity  te 
Toduce  sncli  an  effect,  but  to  the  ash  of  the  wood  burnt 
a  the  gas  generator,  and  carried  over  by  the  draught, 
wing  to  the  defective  arraagesieni  of  the  ash  pit.  It 
9  evident,  therefore,  that  even  the  above  elaborate 
eries  of  analyses  does  not  furnish  us  with  an  exact 
dea  of  the  changes  going  on  during  the  process. 

Production  of  Steel  by  Cementation.     This  process 
consists  essentially  in  the  exposure  of  bars  of  nudleable 
iron,  in  close  contact  with  charcoal,  to  a  high  and  long- 
continued  heat,  the  air  being  excluded.     The  fiimace, 
Fig.  41,  employed  for  this  purpose,  is  an  oblong  chamber 
with  a  semi-cyHndrical  roof,  containing  two  large  chests 
or  converting  pots,  a  a,  also  of  rectangular  form,  which 
are  heated  by  a  fire  grate,  c,  placed  below  them,  and 
running  along  the  entire  length  of  the  chamber.     The 
flame  is  distributed  uniformly  by  a  system  of  transverse 
rectangular  flues,  d  d,  across  the  bottom  and  up  the 
sides  of  the  pots,  and  finally  passes  through  a  number 
of  short  vertical  chimneys  in  the  sides  of  the  chamber 
into  a  tall  covering  hood  or  stack,  e,  of  conical  form, 
like  that  of  an  ordinary  glasshouse  fiimace  or  potter's 
kiln.   The  size  of  the  boxes  varies  in  different  localities, 
according  to  the  weight  of  iron  heated  at  one  time,  from 
8  to  15  feet  in  length,  and. from  2^  to  3  feet  in  breadth 
and  height,  corresponding  to  a  capacity  of  between  8 
and  12  tons  of  bar  iron,  with  the  necessary  quantity  of 
cementing  powder.   In  Yorkshire  they  are  usually  built 
of  sandstone  fiags,  but  in  other  places  ordinary  fire- 
bricks and  liunps  or  slabs  of  the  same  material  are 
used.    The  introduction  and  withdrawal  of  the  charge 
are  effected  through  man-holes,  6,  in  the  shorter  side 
walls  of  the  covering  chambers,  placed  above  the  level 

of  the  top  of  the  boxes :  these  holes  are  of  course  walled 
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op  witli  brickwork  when  the  £umaco  is  lighted.  Is 
■ome  iattaacee,  where  the  furnace  ia  of  amall  size,  tii« 
roof  of  the  chamber  is  made  in  several  pieces,  so  aa  to 


be  ossiljr  removed  at  the  end  of  the  operatioiii  in  order 
to  &cilitate  the  withdrawal  of  the  canented  bars.    Two 
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small  square  holes,  communicating  with  the  interior  of 
the  boxes,  are  placed  a  little  lower  down  on  the  same 
side  of  the  furnace ;  -these  contain  the  trial  bars  used 
in  determining  the  progress  of  the  conversion. 

Bar  iron  smelted  from  Swedish  magnetic  ores  is  used 
in  the  production  of  the  best  kinds  of  cement  steel  at 
Sheffield,  and,  as  a  rule,  hammered  bars  are  preferred 
to  those  made  by  rolling.  The  most  esteemed  brands  are 
those  produced  at  the  small  forges  in 'the  eastern  part 
of  Sweden,  in  connection  with  the  Dannemora  mines ; 
that  of  Lofsta,  known  a^  (C)  iron,  having  the  highest 
reputation.  The  ordinary  sizes  of  bars  employed  are  from 
2  to  5  inches  in  breadth,  and  from  ojie-third  to  three- 
quarters  of  an  inch  in  thickness ;  a  flat  form  being  pre- 
ferred to  those  of  round  or  square  section.  In  filling 
the  pots,  an  allowance  is  made  for  the  expansion  of  the 
iron  by  heat ;  a  space  of  about  2  inches  in  the  direction 
of  the  length,  and  a  little  less  transversely,  being  left 
between. the  edges  of  each  layer  of  bars  and  the  walls, 
and  in  like  manner  the  butt  ends  of  adjacent  bars  in 
each  line  must  not  be  brought  in  contact  with  one 
another. 

The  cementing  material  is  in  all  cases  charcoal,  in 
the  form  of  a  coarse  powder  obtained  by  sifting  through 
a  riddle  with  i  or  |-inch  meshes.  No  special  variety 
of  charcoal  is  necessary,  that  of  the  hardest  wood  ob- 
tainable in  the  neighbourhood  being  generally  us^d ; 
as,  for  example,  birch  in  Sweden,  beech  in  Rhenish 
Prussia,  and  oak  in  England.  Hard- wood  charcoal  is 
said  to  be  advantageous  on  account  of  the  large  amount 
of  alkaline  salts  in  the  ash,  which  are  regarded  as 
favouring  the  production  of  cyanogen  compounds.  For 
the  same  purpose,  an  addition  to  the  charcoal  of  small 
quantities  of  carbonate  of  baryta,  alkaline  carbonates, 
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yellow  pniBsiate  of  potash,  animal  charcoal,  or  organic 
matter  containing  nitrogen,  has  been  recommended  at 
different  times,  and  tried  experimeiitally ;  but  none  of 
these  substances  are  in  general  use,  except  in  the  super- 
ficial converting  process  of  case-hardening. 

In  charging  the  pots,  the  bottom  is  first  covered  with 
a  coating  of  charcoal,  and  upon  it  the  bars  are  arranged 
in  tiers  lying  on  the  flat  sides,  and  separated  from  eacn 
other  by  a  layer  of  charcoal  about  half  an  inch  thick. 
About  one- third  of  the  total  cubic  contents  of  the  pot  is 
occupied  by  the  iron,  the  remaining  two-thirds  being 
filled  with  charcoal  When  the  whole  charge  has  been 
introduced,  the  tpp  of  the  pot  is  covered  with  a  layer 
of  clay  or  other  refractory  material.  At  Sheffield, 
grinder's  waste,  or  wheelswarf — a  mixture  of  finely- 
divided,  partially-rusted  steel  with  quartzose  sand, 
produced  by  the  waste  of  the  grindstones  employed  id 
grinding  cutlery — ^is  generally  used-  It  is  plastered 
over  in  a  damp  state,  and  frits  together  to  a  kind  of 
glaze  when  strongly  heated,  forming  a  covering  ^' 
pervious  to  the  air.  A  certain  proportion  of  fr^" 
charcoal,  to  the  extent  of  one-half  or  two- thirds  of  the 
total  quantity,  must  be  used  in  each  operation ;  that 
remaining  from  a  former  charge  requires  to  be  subjected 
to  washing  and  sifting  before  it  can  be  used  again.  The 
mixture  of  the  two  kinds  is  found  to  give  a  better  result 
than  when  fresh  coal  is  used  alone,  and  the  conversion 
is  more  rapidly  effected. 

When  the  furnace  is  charged,  all  the  apertures  btq 
carefully  stopped  with  brickwork  or  fire-clay,  to  -prerent 
the  access  of  air.  The  fire  is  then  lighted,  and  in  about 
twenty-four  hours  the  chests  are  raised  to  a  red  hea^, 
and  in  about  two  or  three  days  more  will  have  attained 
the  proper  temperature.     According  to  the  nature  of 
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the  steel  required,  the  fire  is  kept  up  for  a  period  of 
from  seven  to  nine  or  eleven  days  ;  the  hardest  quality 
for  melting  purposes  requiring  the  longest,  and  spring 
and  shear  steel  the  shorter  time.  Conversion  begins  at 
a  temperature  of  about  1,000®,  but  goes  on  more  actively 
at  the  melting  point  of  copper,  about  1,170®:  at  higher 
temperatures  cast  iron  is  produced. 

The  progress  of  the  conversion  is  determined  by  the 
appearance  of  the  trial  bar ;  the  first  is  taken  out  after 
about  a  week's  firing.    When  there  is  no  longer  an  un- 
altered kernel  of  soft  iron  apparent  in  the  centre,  the 
conversion  is  considered  to  be  complete,  the  fire  is  allowed 
to  go  down,  and  the  furnace  is  left  to  cool  for  three 
days ;  the  man-hole  stoppings  are  then  removed,  and  on 
the  sixth  day  the  withdrawal  of  the  cemented  bars  is 
commenced,  and  takes  one  or  two  days  more,  so  that  the 
whole  operation  requires  from  seventeen  to  twenty 
days.     The  physical  properties  of  the  iron  are  con- 
siderably modified  by  conversion ;   the  colour  of  the 
fractured    surface  changes  £rom  the   original  bluish 
tinge  of  malleable  iron  to  a  somewhat  reddish  white, 
like  that  of  bismuth,  and  at  the  same  time  the  lustre 
is  considerably  diminished.     The  texture  is  in  all  cases 
scaly  crystallkie.     The  finer  the  grain  and  the  darker 
the  colour,  as  a  general  rule,  the  more  highly  carbu- 
rised  or  harder  will  be  the  steel  produced ;  at  the  same 
time,  both  specific  gravity  and  tenacity  are  reduced. 
A  more  decided  peculiarity  of  the  converted  bars,  how- 
ever, is  the  blistering  of  the  external  surfaces,  whence 
the  term  blister  steel  is  derived.     When  the  blisters  are 
small,  and  tolerably  regularly  distributed,  the  steel  is 
of  good  quality ;  but  when  large,  and  only  occurring 
along  particular  lines,  they  may  be  considered  as  indi- 
cative of  defective  composition  or  want  of  homogeneity 
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in  the  iron  employed.  The  cause  of  this  phenomenon 
is  not  quite  clearly  made  out.  The  most  probable 
explanation  is,  that  it  is  due  to  the  irregular  action  of 
the  cementing  material  upon  included  particles  of  slag, 
consisting  of  basic  protosilicate  of  iron,  which  is  re- 
duced to  the  metallic  state  with  the  evolution  of  car- 
bonic oxide,  which  blows  up  the  surface  of  the  metal 
when  in  a  softened  condition  from  the  heat  of  the 
furnace.  The  average  increase  of  weight  in  the  con- 
version of  bar  iron  into  blistered  steel  is  from  i  to 
f  per  cent.  The  fuel  necessary  per  100  lbs.  of  the 
latter  is  as  follows  : — 

Coal  ....;.     75  to  90  lbs. 

Lignite 160  „  210  „ 

Peat 200  „  300  „ 

Wood 300 

Blister-steel  bars  may  be  used  for  common  purposes, 
such  as  steeling  the  faces  of  hammers,  without  further 
treatment ;  but  more  generally  they  are  subjected  to 
one  or  more  reheatings  in  packets  or  faggots,  and 
weldings  by  hammering  or  rolling,  whereby  the  texture 
becomes  more  uniform,  and  strength  and  elasticity  are 
increased,  but  with  a  progressive  diminution  of  hard- 
ness. Spring  steel  is  produced  by  heating  blistered 
bars  at  an  orange-red  heat,  and  drawing  them  down 
either  under  the  hammer  or  by  rolling.  Shear  steel  is 
a  better  quality,  obtained  by  drawing  the  original  bars 
to  lengths  of  3  feet,  which  are  piled  together  in  faggots 
and  welded,  the  reheating  being  effected  in  a  hollow 
fire.  The  surface  of  the  faggot  is  covered  with  clay, 
wKich  forms  a  cinder  in  the  heating  process,  and 
prevents  the  blast  from  acting  on  the  combined  carbon 
of  the  crude  bars.     The  product  of  this  operation  is 
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known  as  single  shear.  It  may  be  further  reiined  by 
doubling  the  bars,  and  repeating  the  process  of  heating 
and  welding,  making. double-shear  steel.  The  best  and 
most  uniform  quality  of  steel  can,  however,  only  be 
obtained  by  fusing  the  blistered  bars  in  crucibles — a 
process  that  will  be  noticed  further  in  page  364. 

Case-hardetting,  or  the  production  of  a  thin  super- 
ficial layer  of  steel  upon  malleable   iron,  is  a  rapid 
process  of  cementation  carried  out  on  a  small  scale.    An 
iron  box,   heated    in   a   smith's   forge,   is  used   as   a 
cementation  chest.     The  charcoal  is  usually  obtained 
by  carbonising  animal  matter,  such  as  bones,  horn,  or 
leather.    The  articles  to  be  case-hardened  are  embedded 
in  the  charcoal  in  the  ordinary  way,  and  are  then  exposed 
to  heat  for  a  short  time,  taking  care  not  to  tise  too  high 
a  temperature.      Under  the  most  favourable  circum- 
stances the  cemented  layer  may  attain  a  depth  of  about 
three-eighths  of  an  inch  in  four  or  five  hours.      The 
work,  when  removed  from  the  fire,  is  hardened  by  plung- 
ing it  while  in  a  heated  state  into  cold  water,  if  it  is  re- 
quired to  be  uniformly  hard  over  the  whole  surface, 
otherwise  it  is  allowed  to  cool,  and  the  steeled  surface 
is  removed  by  turning  down  such  parts  as  are  intended 
to  remain  malleable,  and  the   other   portion  is  sub- 
sequently hardened  by  heating  and  quenching  in  water 
as  before. 

The  following  is  the  most  rapid  method  of  case- 
hardening  : — ^The  piece  of  iron  to  be  treated,  after  being 
poHshed,  is  raised  to  a  bright  red  heat,  and  the  surface 
to  be  hardened  is  rubbed  or  sprinkled  with  finely- 
powdered  yellow  prussiate  (ferrocyanide  of  potassium). 
As  soon  as  the  powder  has  volatilised  or  disappeared, 
the  work  is  quenched  in  cold  water  in  the  usual  way. 
If  the  process  has  been  properly  conducted,  the  sur- 


392  METAIXrHOY  OF   IROX. 

faces  coTered  by  the  salt  will  be  foimd  to  hare  become 
bard  enougb  to  resist  tbe  file. 

Malleable  Cast  Iron.    The  process  of  annealing,  or 
rendering  the  surface  of  cast-iron  articles  malleable,  so 
that  thejr  may  be  filed  or  hammered,  is  a  kind  of  inyene 
cementation,  finely-divided  peroxide  of  iron  being  em- 
ployed to  remove  the  carbon  from  the  surface  of  the 
casting.     Cast  iron  smelted  from  red  hematite  is  gene- 
rally preferred  for  this  purpose,  especially  that  made 
with  charcoal.  The  fusion  takes  place  in  crucibles  in  on 
ordinary  air  furnace,  such  as  is  used  for  smelting  cast 
steel,  coke  being  employed  as  fuel.   The  castings^  when 
removed  from  the  moulds,  are  very  brittle,  and  cannot 
be  touched  with  the  file.   They  are  then  packed  in  cast- 
iron  crucibles  containing  powdered  red  hematite,  whicli 
are  arranged  in  rows,  one  above  another  in  a  furnace  of 
rectangular  section,  somewhat  similar  in  character  to 
an  ordinary  cementation  chamber.     When  the  furnace 
is  charged,  all  the  apertures  are  carefully  closed,  and 
heat  is  applied  gradually,  so  that  the  whole  contents 
may  be  brought  up  to  a  red  heat  in  twenty-four  hours ; 
the  firing  is  then  continued  for  from  three  to  five  days 
more,  according  to  the  depth  of  the  malleable  skin 
required  on  the  finished  work.     Articles  of  irregular 
thickness  that  are  intended  to  be  bored  out  must  be 
subjected  to  the  process  a  second  time,  in  order  to 
obtain  the  proper  degree  of  alteration. 

The  appearance  of  the  finished  articles,  when  drawn 
from  the  furnace,  is  similar  to  that  of  malleable  iron, 
but  lighter  in  colour ;  the  density  is  about  the  same  as 
cast  iron,  the  increased  specific  gravity  of  the  malleable 
portion  being  counteracted  by  its  porosity.  The  frac- 
tured surface  is  white  and  finely  granular,  with  a  very 
hig^h  lustre,  occasionally  presenting  a  grey  silky  ap- 
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pearance,  recallmg  that  of  soft  steel.  When  the  thick- 
ness of  the  object  is  more  than  half  or  two-thirds  of  an 
inch,  a  kernel  of  very  soft  grey  cast  iron  is  left  in  the 
centre.  In  the  latter  case  the  central  portion  may  some- 
times be  broken  by  bending  the  object  without  the 
external  skin  giving  way. 

Malleable  castings,  prepared  in  the  above  manner, 
may  be  easily  wrought  cold,  but  become  very  brittle 
when  heated^  breaking  to  pieces  imder  the  hammer  at  an 
incipient  white  heat ;  at  a  higher  temperature  the  kernel 
of  imaltered  cast  iron  melts,  so  that  articles  that  have 
been  subjected  to  the  process  caimot  be  united  by  weld- 
ing, but  may  be  brazed  without  difficulty.  On  account 
of  the  more  refractory  nature  of  the  material,  the  use 
of  malleable  cast-iron  crucibles  has  been  suggested  for 
melting  silver  in  mints,  instead  of  the  cast-iron  pots 
ordinarily  used  for  that  purpose. 

The  principal  application  of  the  process  is,  however,  to 
small  articles  of  hardware,  such  as  keys,  buckles,  gun  fur- 
niture, &c.  Recently,  however,  it  has  been  applied  on 
a  larger  scale  by  M'Haffie,  of  Glasgow,  to  parts  of 
machinery,  such  as  toothed  wheels  and  screw  pro- 
pellers, the  latter  having  been  successfully  adopted  in 
steamers  employed  in  the  whaling  and  sealing  trade  in 
the  Greenland  seas,  where  ordinary  cast-iron  screws 
are  especially  liable  to  be  broken  by  the  floating  ice. 

The  malleable  skin  may  be  partially  converted  into 
steel  by  case-hardening  in  the  same  way  as  ordinary 
soft  iron,  so  that  these  different  states  of  cast  iron, 
malleable  iron,  and  steel  may  be  combined  in  the  same 
object.  Common  articles  of  cutlery  made  in  this  way 
are  distinguished  as  ruri'Steel  goods. 

Prodttciion  of  Steel  by  Fusion.  In  all  the  preceding 
methods,   the   steel  produced,    whether  by  fining  or 
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cementation,  is,  as  a  rule,  very  unequal  in  quality  ;  and 
uniformity  can  only  be  attained  by  repeated  faggoting 
and  welding,  steps  which  are  necessarily  attended 
with  a  loss  of  carbon,  and  consequent  reduction  of 
hardness.  The  requisite  uniformity  of  composition 
may,  however,  be  obtained  by  breaking  up  the  crude 
bars  produced  in  the  forge,  or  by  cementation,  and 
exposing  them  to  a  strong  heat  in  crucibles  out  of 
contact  with  the  air.  The  product,  when  melted,  is 
poured  out  into  cast-iron  moulds,  forming  ingots  of 
coat  steel,  which  are  much  more  regular  in  composition 
and  texture  than  the  original  material. 

The  practice  of  melting  steel  was  introduced  at 
Sheffield  by  Himtsman  about  the  year  1740,  and  is  still 
carried  out  in  substantially  the  same  manner  at  the 
present  day.  Although  a  simple  operation,  it  is  an  ex- 
pensive process,  owing  to  the  large  consumption  of  fuel 
and  crucibles  required  for  a  comparatively  small  produc- 
tion of  ingots. 

The  general  arrangements  of  a  steel-melting  house 
are  shown  in  the  transverse  section.  Fig.  42. 

The  furnace,  or  melting  hole,  a,  is  a  small  square  or 
oblong  chamber,  about  3  feet  deep,  from  1 J  to  2  feet 
square,  lined  with  refractory  materials,  such  as  fire- 
brick or  the  siliceous  stone  known  as  ganister.  The 
top  of  the'fumace  is  placed  level  with  the  floor  of  the 
casting  house,  the  grate  bars  and  ash-pit  being  acces- 
sible through  a  vaulted  cellar,  b,  below.  The  cover  of 
the  furnace  is  a  square  or  quarry  of  fire-brick  set  in  an 
iron  frame  with  a  projecting  handle.  There  is  a  short 
lateral  flue  near  the  top  of  the  furnace,  oommomicating 
with  the  stack,  which  is  nearly  of  the  same  sectional 
area  as  the  furnace,  and  about  40  feet  high,  in  order 
to  conunand  a  strong  draught.     Several  furnaces  are 
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usually  arranged  in  longitudinal  serieB  on  opposite  sides 
of  the  casting  house,  leaving  the  centre  of  the  floor 
clear  for  placing  the  monlde. 

The  crucibles  need  are  made  of  mixtures  of  diiFerent 
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kinds  of  fire-day  from  the  coal  meaBurea,  with  a  certain 
proportion  of  ground  potsherds  Eind  coke  dust ;  the  usual 
size  is  from  16  to  18  inches  in  height,  and  from  5  to  7 
inches  in  diameter  at  the  mouth,  with  a  slight  belly 
at  about  two-thirds  of  the  height  from  the  bottom. 
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Tbe  capacity  Taries  from  35  to  80  lbs.     Usually  two 
pots  are  placed  in  a  famace :  they  stand  upon  cylin- 
drical discs  or  cheeses  of  fire-brick  resting  on  the  grate 
bars.     Preyiously  to  being  used  they   require  to  be 
gradually  heated  to  redness  in  an  open  fire  or  annealing 
erate,  c,  which  is  done  by  placing  them  in  batches  of 
twenty,  bottom  upwards,  together  with  their  covers, 
upon  a  bed  of  red-hot  coal  in  the  grate ;  and  the  inter- 
mediate space  is  then  filled  with  coke,  and  the  fire  is 
urged  until  the  necessary  heat  has  been  obtained.     The 
pots  are  then  removed  to  the  melting  furnaces,  and  fixed 
in  position  on  their  stands.     The  fires  are  replenished 
with  coke,  and  as  soon  as  they  have  been  brought  up  to 
a  strong  heat,  which  takes  place  in  about  twenty  minutes, 
the  charge  of  blister  steel,  properly  assorted  and  broken 
into  small  pieces,  is  introduced  through  a  wrought-iron 
funnel ;  after  which  the  cover  is  placed  on  the  top  of 
the  pot,  and  the  full  heat  of  the  fdmace  is  given  for 
about  three  and  a  half  hours,   during  which    time 
fresh  fuel  must  be  added  every  three-quarters  of  an 
hour.    When  the  fusion  is  complete,  which  is  ascer- 
tained by  removing  the  cjver  and  searching  the  con- 
tents of  the  crucible  with  a  pointed  rod,  in  order  to 
ascertain  whether  any  hard  unmelted  lumps  remain,  the 
crucible  is  cleared  from  adherent  slaggy  masses  by 
stirring  below  the  grate,  and  is  then  lifted  out  by  the 
frunaceman  with  a  pair  of  curved-nosed  tongs.     The 
ingot  mould,  made  of  cast  iron,  is  blackened  by  coating 
it  with  train  oil  and  heating ;  or,  in  some  cases,  a  thin 
wash  of  fire-clay,  mixed  with  water  to  the  consistency 
of  cream,  is  used.     When  the  pot  is  removed  from  the 
furnace  it  is  deposited  in  the  teaming  hole,  d,  a  small 
pit  filled  with  broken  pieces  of  coke,  and  the  lifting 
bags  are  changed  for  those  used  in  casting.     The  con- 
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tents  of  the  crucible  are  allowed  to  cool  for  a  short  time 
before  pouring.  When  the  ingot  mould  is  filled,  its 
mouth  is  covered  with  a  plug  of  cast  or  wrought  iron, 
oi  a  shovelM  of  sand,  in  order  to  prevent  the  top  of 
the  ingot  from  becoming  spongy  by  the  escape  of  gases 
before  solidification. 

After  the  first  cast  the  crucible  is  cleared  from 
adherent  clinker,  and  returned  to  the  furnace  for  a 
second  melting.  The  charge  is  somewhat  reduced,  and 
the  consumption  of  coke,  as  well  as  the  time  of  fiision, 
is  diminished  in  a  similar  proportion.  Thus  the  first 
melting  takes  from  four  to  six  hours,  while  the  second 
and  third  only  require  frx)m  two  to  two  and  a  half  hours 
each.  The  fiimace  is  allowed  to  cool  after  from  three 
to  five  meltings  have  been  made,  as  there  is  no  advantage 
to  be  gained  by  keeping  it  constantly  heated,  owing  to 
the  corrosion  of  the  lining  bricks  produced  by  the  very 
high  temperature,  whereby  the  capacity  and  power  of 
consuming  fuel  is  increased,  without  a  corresponding 
increase  in  the  amoimt  of  steel  melted. 

Under  ordinary  circumstances,  the  total  amount  of 
coke  burnt  is  from  three  to  three  and  a  half  times  the 
weight  of  the  ingots  produced,  when  of  a  good  quality ; 
but  when  made  from  inferior  varieties  of  coal,  it  may 
be  as  high  as  five  or  six  times  the  weight. 

In  France  furnaces  are  used  capable  of  containing  a 
large  number  of  crucibles  which  are  not  brought  into 
direct  contact  with  the  fuel,  but  are  arranged  in  series 
in  a  chamber,  which  is  heated  by  a  fireplace  similar  to 
that  of  a  reverberatory  furnace.  The  chambers,  which 
are  made  to  hold  from  four  to  nine  pots,  are  covered 
with  a  square  lid  in  the  usual  way.  In  addition  to  the 
chimney  draught,  a  blast  is  used  below  the  grate,  and 
a  portion  of  the  waste  heat  is  sometimes  applied  to 


hei-allubot  of  ibon. 


rainng  ■team  for  the  hammers  and  rolling  milb  nwd 
in  finishing  the  ingots.  Siemena'  regeneratire  gas  fiii- 
naoe  has  also  been  ap[died  with  considerable  advantage 
to  steel  melting,  and  by  its  use  the  consumption  of  fat\ 
per  ton  is  rednced  from  3^  tons  of  coke  to  1}  toDS  of 


inferior  slack.  The  arrangement,  which  is  somewhtt 
similar  to  that  of  the  regenerative  puddling  furnats 
already  noticed,  is  shown  in  Pig.  43,  where  the  pots- 
placed  in  four  series  of  eight  each  in  the  chamber,  a^ 


Vig.  U.— Slemcni'  cut-rt*et 


heated  by  the  combustion  of  gas  and  air,  which  have 
been  previously  raised  to  a  very  high  temperature  b^ 
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tlieir  passage  through  the  left-hand  pair  of  regene- 
rators, b  c,  the  excess  of  heat  carried  out  of  the  melting 
cliamber  being  absorbed  by  the  brickwork  in  the  right- 
hand  pair,  d  e.  When  the  latter  have  become  heated 
as  the  former  cools,  the  current  is  reversed  by  turning 
the  valves,  admitting  the  air  and  gas  into  the  position 
sliown  by  the  dotted  lines  in  the  section,  Fig.  44.  The 
course  of  the  two  currents  is  shown  by  the  atrows. 
The  spent  gases,  after  giving  up  their  surplus  heat, 
escape  by  the  chimney  at/. 

When  very  large  masses  of  cast  steel  are  required, 
the  contents  of  all  the  crucibles  are  either  poured  into 
a  foundry  ladle  before  filling  the  mould,  or  the  pouring 
is  so  arranged  that  by  bringing  up  relays  of  fresh 
pots,  a  constant  stream  may  be  kept  up  without  inter- 
naission.  In  this  way  large  castings,  up  to  as  much  as 
40  tons,  are  made  by  Krupp,  in  Essen,  from  crucibles 
containing  70  lbs.  of  steel.  The  furnaces  hold  from  2 
to  24  pots  each.  The  materials  j.sed  are  reported  to 
be  puddled  steel  and  wrought-iron  scrap,  with  an  addi- 
tion of  carbonaceous  matter,  in  order  to  render  the 
malleable  iron  fusible,  a  somewhat  similar  process  to 
that  adopted  in  making  the  native  Indian  steel  called 
wootz. 

The  drawing  of  the  crucibles  from  the  furnace  is 
also  facilitated  by  placing  them  on  a  platform,  which  is 
raised  by  a  mechanical  lifting  apparatus  placed  below 
the  ash-pit,  thus  doing  away  with  the  use  of  lifting 
tongs. 

At  the  River  Don  Steel  Works,  in  Sheiffield,  cast 
steel  is  largely  made  by  the  method  introduced  by 
Mushet  in  1801,  which  consists  in  melting  malleable 
scrap  iron  with  charcoal  and  oxide  of  manganese  in 
crucibles  directly,  without  using  any  blister  steel.    The 
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fiimaces  are  288  in  number,  each  of  sufficient  dze  to 
contain  two  pots  charged  with  100  lbs.  With  lie 
whole  number  at  work,  a  casting  of  26  tons*  weigti 
may  be  made,  the  pouring  from  the  576  pots  being 
completed  in  five  minutes.  In  order  to  keep  up  the 
supply,  the  pots  are  conveyed  from  their  melting  holes 
to  the  casting  place  on  small  barrows,  instead  of  being 
carried  by  the  tongs,  as  was  formerly  the  custom.  The 
steel  produced  is  to  a  great  extent  employed  in  makmg 
castings  for  direct  use,  such  as  railway  crossings, 
wheels,  and  bells,  instead  of  merely  running  it  Bio 
ingots,  which  are  subsequently  worked  up  imderiie 
hammer.  The  moulds  used  for  this  purpose  are  mm 
sufficiently  refractory  by  the  use  of  a  thin  layer  of 
burnt  clay,  produced  by  grinding  old  melting  poj 
which  is  applied  immediately  over  the  pattern,  the 
remainder  of  the  box  being  filled  with  ordinary  moulding 
sand.  This  method  of  steel  casting  was  first  practised 
at  Bochum,  in  Westphalia,  where  it  is  still  carried  oat 
on  a  very  large  scale.  Castings  made  to  pattern,  which 
are  not  intended  to  be  subsequently  ha2nmered,  mnsi 
be  ^mealed  and  allowed  to  cool  very  slowly. 

An  addition  of  manganese,  either  as  a  carbiuv^ 
reduced  by  heating  the  oxide  with  carbon  at  a  very 
high  temperature,  or  a  mixture  of  black  oxide  of  xnaD- 
ganese  with  carbonised  pitch  or  resin,  is  very  comn^only 
used  for  improving  steel  in  the  process  of  meltiii;' 
This  is  the  celebrated  process  of  Heath,  which  formed 
the  subject  of  long  and  protracted  litigation  a  few 
years  back. 

The  appearance  of  the  fracture  surfaces  of  ingots  of 
oast  steel  varies  with  their  hardness  or  relative  p^ 
portion  of  carbon.  The  softer  kinds  are  bright  and 
finely   granular.      The    harder  qualities  often  show 
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ciystallme  plates  of  a  certain  size,  arranged  in  parallel 
stripes  or  columns  at  right  angles  to  the  surface  of  the 
mould,  so  that  in  a  square  ingot  the  columns  intersect, 
forming  a  cross.  In  all  cases  the  ingots  are  more  or  less 
ixnsoimd,  being  filled  with  small  vesicular  cavities,  so  that 
tliey  require  to  be  reheated  and  hammered  before  they 
can  be  converted  into  bars.  This  is  done  in  the  manner 
already  described  for  making  shear  steel,  care  being 
taken  to  effect  the  reheating  at  as  low  a  temperature 
as  possible,  and  to  prevent  the  metal  from  burning 
by  keeping  it  out  of  access  of  the  air  while  in  the 
fire. 

Beasemer's  Process.  This,  one  of  the  simplest  methods 
of  producing  cast  steel  in  large  quantities,  combines 
the  action  of  the  puddling  and  ordinary  steel-melting 
fiimace  into  one  operation.  The  essence  of  the  process 
consists  in  injecting  large  quantities  of  air  into  a  bath 
of  molten  cast  iron  through  a  large  number  of  small 
orifices,  in  order  that  the  combustion  of  the  carbon  and 
other  matters  in  combination  may  take  place  rapidly 
and  uniformly.  By  this  means  a  very  high  tempera- 
ture is  developed  in  the  converting  vessel,  the  heat 
being  sufficient  to  melt  the  decarburised  malleable  iron, 
instead  of  producing  it  in  a  pasty,  weldable  condition, 
as  is  the  case  in  the  puddling  fiimace.  This  great  in- 
,  crease  of  temperature  is  obviously  due  to  the  rapidity  of 
combustion,  owing  to  the  intimate  contact  of  the  air, 
which  is  injected  at  a  much  higher  pressure,  from  16 
to  20  lbs.  to  the  square  inch,  than  is  used  in  the 
ordinary  operation  of  iron-melting,  with  the  molten 
metal,  instead  of  the  decarburised  iron  merely  taking 
place  at  the  surface  of  the  bath,  or  where  the  pasty 
metal  is  in  contact  with  particles  of  scale,  cinder,  or 
simHar  oxidising  agents,  as  is  the  case  in  puddling.    It 
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will  be  remembered  that,  in  the    latter  process,  tk 
temperature  of  the  puddling  furnace  has  to  be  artifi- 
cially reduced  by  closing  the  damper,  in  order  to  bring 
about    the    reactions    between  the    different  portions 
of  the  charge,  which  only  go  on  Tery  slowly  when  the 
contents  of  the  hearth  are  in  a  liquid  state.     In  Besse- 
mer's  process,  however,  the  increase   of   temperature 
goes  on  progressively  from  the  moment  the  blowing 
commences  until  the  conclusion  of  the  operation,  tie 
heat  produced  being  developed  by  combustion  going 
on  in  the  molten  mass,  in  the  order  in  which  the  com- 
bined foreign  substances  are  removed  being  similar  to 
that   observed  in  puddling  and   refining.      After  tie 
whole  of  the  carbon  has  been  eliminated,  the  heat  is 
kept  up,  if  the  blowing  be  prolonged  by  the  combus- 
tion of  the  iron,  giving  a  product  exactly  similar  in 
general  properties  to  the  burnt  iron  which  is  obtained 
when  malleable  iron  is  too  often  or  too  highly  heated 
in  the  process  of  welding. 

This  process  is,  therefore,  not  adapted  for  the  pro- 
duction of  soft  malleable  iron,  but,  with  certain 
modifications,  is  capable  of  producing  steel  of  ff^ 
quality,  within  a  considerable  range  of '  composition 
and  hardness.  This  may  be  done  in  two  ways :  the 
first  is  that  practised  in  Sweden,  where  the  blowing  is 
interrrupted  after  partial  decarburisation  of  the  charge. 
the  proper  moment  for  stopping  the  operation  being  de- 
termined by  the  appearance  of  the  flame  issuing  froni 
the  mouth  of  the  converting  vessel;  or  the  metal 
may  be  completely  decarburised,  and  then  brougW 
back  to  the  composition  of  steel  by  the  addition  of 
highly-carburised  melted  pig  iron,  such  as  spiegeleisen, 
in  sufficient  quantity  to  restore  the  necessary  amount 
of  carbon.     The  latter  modifioa.tion  of  the  process  is 
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3ue  to  Mushet,  and  is  now  generally  preferred  to  the 
3lder  method,  as  being  more  certain  in  result. 

The  varieties  of  cast  iron  best  adapted  for  conversion 
into  steel  by  the  Bessemer  process  are  those  smelted 
from  hematite  or  magnetic  ores  not  below  No.  2  in 
greyness.  White  iron  can  only  be  treated  with  diffi- 
culty and  increased  waste,  partly  owing  to  its  imper- 
fect fluidity  when  melted,  which  increases  the  resistance 
offered  to  the  passage  of  the  blast,  but  more  particulauly 
on  account  of  its  deficiency  in  carbon  and  silicon.  The 
carbon  being  in  the  combined  state,  the  production  of 
carbonic  oxide  takes  place  at  too  early  a  stage  of  the 
process,  and  not  boing  present  in  sufficient  quantity, 
prevents  the  attainment  of  the  proper  temperature  in 
the  converting  vessel. 

The  chief  essentials  in  the  chemical  composition  of 
tlie  pig  iron  are,  almost  absolute  freedom  from  sulphur, 
phosphorus,  and  copper,  as  neither  of  these  ingredients 
is  sensibly  reduced  in  amount  by  the  process ;  silicon 
and  manganese,  on  the  other  hand,  may  be  almost  com- 
pletely removed,  and  their  presence  is  beneficial  within 
certain  limits.  As  long  as  manganese  remains  scarcely 
any  iron  is  oxidised,  the  silica  produced  from  the  silicon 
of  the  metal  uniting  with  protoxide  of  manganese  to 
form  a  slag,  which  is  very  fluid,  but  also  is  very 
destructive  to  the  siliceous  linings  of  the  converting 
vessels. 

The  best  English  pig  iron  for  use  in  the  Bessemer 
process  is  that  smelted  from  Cumberland  hematite,  about 
No.  1  or  No.  2  in  greyness.  It  should  contain  from  IJ 
to  2  per  cent,  of  silicon  as  a  minimum,  and  not  more  than 
0*2  per  cent,  of  phosphorus.  At  Essen,  in  Westphalia, 
the  limiting  quantities  of  foreign  matters  in  the  pig 
iion  preferred  for  Bessemer  steel-making  are  as  follows, 
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according  to  Jordan.     The    metal   generally 
smelted  from  mixtures  of   spathic   ore   and  Kassaj 
hematite. 


Manganese, 

maximum 

1  -00  per  cent. 

Sulphur 

»f 

•04 

Phosphorus 

» 

•06         „ 

Carbon 

minimum 

5  00 

Silicon 

» 

200          „ 

The  furnaces,  or  converters,  employed  in  the  proces 
are  of  two  diflTerent  kinds.  The  oldest,  or  fixed  form. 
which  is  still  in  use  to  a  certain  extent  in  Sweden,  u> 
cylindrical  vessel  of  refractory  brickwork,  somewltf 
similar  to  a  foundry  cupola,  but  broader  and  lower  a 
proportion.  Near  the  bottom,  which  is  made  witi' 
slightly  forward  incline  towards  the  tap  hole,  is  f^ 
a  series  of  small  twyers,  which  are  arranged  at  eqo* 
distances  around  the  entire  circumference.  The  top 
of  the  vessel  is  covered  by  a  dome,  terminating  ^  ^ 
conical  neck,  turned  towards  a  hood  placed  above  it,  ^^ 
carrying  off  the  flame  and  sparks  given  out  during  ^'^ 
blowing. 

The  second,  or  movable,  form  of  converter,  which  ^' 
now  almost  universally  adopted,  consists  of  an  egg-  ^^ 
pear-shaped  vessel  suspended  upon  trunnions,  and  p^ 
vided  with  appropriate  moving  mechanism,  whereby  i^ 
may  be  rotated  vertically  through  an  angle  of  about 
180®.  The  outer  casing  or  shell  is  made  of  wrougM- 
iron  plates  riveted  together,  and,  as  originally  made, 
was  not  unlike  a  soda-water  bottle  in  shape,  supposing 
the  pointed  end  to  be  flattened,  and  the  neck  turned 
over  at  an  angle  of  about  30®  to  the  body.  In  the  newer 
forms,  however,  especially  those  intended  for  workin? 
with  large  charges,  increased  capacity  is  obtained  Ij 
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making  the  body  and  lower  part  cylindrical,  tDus  ap- 
proximating in  outline  to  the  older  fixed  converters, 
as  in  Fig.  46. 

The  suapensiou  is  effected  by  means  of  a  stout  boop 
of  TTOught  iron  or  steel  carrying  two  trunnions,  which 
is  sbmnk  on  to  the  body  of  the  converter  at  the  widest 
part.     One  of  these  trunnions,  which  run  in  bearings 


ng.  4B.— BMwmarti  Meel  converter. 

A.  Ittnimtte  icctioii  tttough  Imniiloin. 

B.  Botlcm  pUn. 

O.  SecUonoltwyer  brick.    D.  PUn  rf  dHlo. 

supported  by  cast-iron  standards,  is  solid,  while  the 
other  is  hollow,  forming  a  passage  for  the  blast,  and 
carries  a  spur  pinion. 

The  interior  lining  of  the  converter  must  be  made  of 
the  most  refractoiy  material  obtainable.     Fire-brick  or 
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clay  may  be  uaed;  but  in  Sheffield,  and  in  England 
generally,  a  nearly  pore  siliceoiis  sandstone  from  bdov 
the  coal  measures,  known  as  ganister,  is  fottad  to  be 
better  adapted  for  this  purpose  than  any  other  suV 
stance.    It  is  prepared  by  grinding^  to  a  fine  powder,  a 
may  be  used  alone  or  mixed  with  a  certain  proportion 
of  powdered  fire-brick ;   in  either  case  a  small  quantity 
of  water  is  used,  sufficient  to  make  the  powder  sUgMj 
coherent,  which  is  then  rammed  hard   between  the 
inside  of  the  shell  and  a  wooden  cone,  which  is  after- 
wards removed.     The  old  form  of  vessel  is  nwde  m 
two  parts,  which  are  imited  by  screw  bolts,  and  can  be 
taken  apart  for  convenience  in  lining.     In  the  cylin- 
drical-bodied form,  the  lower  part  is  made  removable, 
the  union  being  efiected  by  eye-bolts  and  cotters. 

The  bottom  of  the  converter  is  in  either  case  flat 
and  contains  the  twyer  box.  This  is  a  cylindrical 
chamber,  connected  by  a  curved  pipe  with  the  hollow 
trunnion.  The  twyers  are  cylindrical  or  slightly  tapereo 
fire-bricks,  each  perforata  by  seven  parallel  holes, 
about  half  an  inch  in  diameter.  Usually  from  five  ^^ 
seven  of  these  bricks  are  used,  which  are  arranged  ver- 
tically and  at  equal  distances  apart  in  the  lining  of  tbe 
bottom  of  the  converter.  Their  lower  ends  pass  througb 
a  perforated  guard  plate  in  the  top  of  the  air  chamber; 
the  vertical  position  being  maintained  by  stops  bearing 
against  horizontal  arms,  which  may  be  turned  on  one 
side,  when  it  is  necessary  to  remove  or  replace  tb® 
bricks,  without  being  obliged  to  take  out  the  bottom  of 
the  converter. 

The  mechanism  for  turning  the  converter  about  i^ 
axis  is  of  a  simple  character,  consisting  of  a  direct- 
acting  water-pressure  engine,  whose  piston  rod  carries 
a  rack  gearing  into  the  pinion  on  tie  trunnion.    At 
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rst  the  cylinder  was  placed  horizontally,  but  in  the 
ewer  form  of  construction  a  vertical  position  is 
generally  preferred,  as  it  occupies  less  ground  space. 
?lie  engine  is  double-acting,  the  valve  being  worked 
>y  hand  gear  placed  at  a  distance. 

In  Bessemer  steel  work  two  converters  are  usually 

laced   opposite   to    each    other   with   a   deep   cylin- 

rical   casting  pit   between   them.     In   the  centre  of 

he   pit  is  fixed  another  water- pressure  engine,  with 

\  vertical  cylinder  and  solid  plunger  piston,  carrying 

at  its  upper  end  a  cross  arm,  formed  of  two  parallel 

girders  strongly  braced  together,  to  one  end  of  which 

is   attached  the  ladle,  the  overhanging  weight  being 

supported  by  a  counterpoise  attached  to  the  opposite 

end.     The  ladle,  which  is  similar  to  that  used  by  iron 

founders,  but  considerably  larger,  is  made  of  wrought 

;  iron  lined  with  fire-clay,  having  a  small  hole  in  the 

bottom  for  running  out  the  melted  steel  into  the  ingot 

moulds  placed  below.     The  hole  is  closed  by  an  iron 

rod  coated  with  fire-clay.     The  opposite  end  of  the  rod 

passes  through  a  slide  bar  on  the  outside  of  the  ladle, 

and  may  be  raised  or  lowered  by  means  of  a  hand  lever. 

In  order  to  traverse  the  ladle  about  the  central  pillar, 

so  as  to  bring  the  centre  of  the  hole  over  each  of  the 

moulds  in  succession,  the  top  platform  is  provided  with 

spur  gearing,  so  that  it  may  be  moved  like  a  railway 

turn-table.     This  motion  is  worked  by  a  man  standing 

on  the  platform,  as  is  also  another  for  reversiug  the 

ladle  on  its  bearings,  in  order  to  remove  the  waste 

after  the  end  of  the  cast.     The  valve  of  the  central 

engine,  which  raises  and  lowers  the  ladle,  is  in  charge 

of  the  same  man  who  works  the  tipping  engines  for 

the  converters.    He  is  usually  stationed  in  a  box  at  one 

side  of  the  converting  house,  raised  a  sufficient  height 
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above  the  ground  to  command  a  clear  view  of  the  vlu 
of  the  apparatus.  The  power  for  working  the  engbl 
is  obtained  from  a  small  steam  engine  dnvingtb 
necessary  force  pumps,  which  deliver  their  supply  in 
two  accumidators  for  equalising  the  pressure. 

The  arrangements  alluded  to  in  the  preceding  pan 
graph  are  represented  in  elevation  in  Fig.  46.  a  a  ■<:■ 
the  two  converters,  each  capable  of  holding  3  to: 
of  molten  pig  iron;  that  on  the  right-hand  aide  J 
lowered  for  filling,  while  the  other  is  upright  and : 
the  position  for  blowing,  the  flame  rising  from  t:- 
neck  being  carried  into  the  chimney  by  the  wrougli' 
iron  hood/,  h  h  are  the  two  hydraulic  engines  won 
ing  the  tipping  gear,  c  is  the  central  crane  carryii? 
the  ladle.  The  cylinder,  which  is  sunk  below  the  lert 
of  the  bottom  of  the  casting  pit,  is  only  partly  reF 
sented.  The  horizontal  racked  rod  gearing  into- 
pinion  on  the  ladle  is  a  slow- motion  adjustment  tc 
bringing  the  hole  through  which  the  steel  issues  ub" 
mediately  over  the  centre  of  the  mould.  It  is  workf"- 
by  a  tangent  screw  from  a  handle  attached  to  tbt 
platforfai  carrying  the  ladle.  The  traversing  motiot 
consisting  of  a  small  pinion  gearing  into  a  large  fc^ 
spur  wheel  on  the  central  pillar  is  worked  by  a  i^ 
wheel,  also  on  the  platform,  the  two  handles  beinf 
placed  close  together,  so  as  to  be  within  reach  of  ^^ 
workman  superintending  the  casting,  d  d  are  cranes 
employed  for  removing  the  ingots  from  the  cBStiM 
pits.  They  are  similar  in  general  construction  to  tk^*' 
last  described,  being  lifted  and  turned  by  hjira^ 
pressure,  e  is  the  box  containing  the  valve  handles  ^ 
the  various  engines.  The  central  hand  wheel  goye^' 
the  vertical  motion  of  the  casting  crane,  while  tfe 
outer  ones  are  in  connection  with  the  tipping  engi^^ 
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of  the  converters.    The  levers  outside  work  the  yalves 
of  the  ingot  cranes. 

The  method  of  conducting  the  process  is  as  follows:— 
The  charge  of  pig  iron,  which  may  be  of  any  weiglit 
between  IJ  and  10  tons — 3  to  6  tons  are  commonly 
used  in  this  country,  and  the  smaller  weights  on  tie 
Continent — ^is  melted  in  a  reverberatory  furnace,  or 
sometimes  in  a  cupola  placed  in  an  adjoining  house. 
The  converter,  having  been  previously  brought  up  to 
a  red  heat  by  filling  it  with  ignited  coke,  is  reversed 
in  order  to  remove  any  unconsumed  fuel,  and  after- 
wards turned  back  to  a  horizontal  position,  to  receiTc 
the  charge  of  molten  metal,  which  is  run  in  througli 
a  movable  gutter  of  wrought  iron  lined  with  sand.  It 
is  then  slowly  brought  heudk  to  the  vertical  position, 
and  the  blast  is  turned  on.  At  first  the  flame  Lssoing 
from  the  neck  is  of  a  yellowish  or  reddish  colour,  but 
slightly  luminous,  with  only  a  comparatively  sbi^ 
amount  of  sparks.  During  this  period,  lasting  from 
four  to  six  minutes,  the  action  going  on  is  similar  to 
that  in  the  refinery  in  the  first  stage  of  puddling, 
namely,  the  conversion  of  graphitic  into  combinea 
carbon,  and  the  oxidation  of  silicon,  with  the  formation 
of  a  silicate'  of  protoxide  of  iron  and  manganese,  i' 
the  second  or  boiling  period,  when  the  oxygen  of  the 
blast  begins  to  attack  the  carbon,  the  action  becomes 
very  violent,  the  flame  increases  in  brilliancy,  and 
great  showers  of  sparks,  fragments  of  burning  i^^' 
and  finely-divided  slag  are  thrown  out,  owing  to  tie 
rapid  ebullition  produced  by  the  evolution  of  carboBi^ 
oxide  from  all  parts  of  the  melted  metal.  This  lasts  for 
about  six  or  eight  minutes  longer,  when  the  sparb 
diminish  and  the  action  goes  on  more  quietly  without 
the  production  of  sparks.     The  flame  gives  the  chft' 
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racteristic  bluish  violet  of  carbonic  oxide,  and  is  in- 
tensely  hot — a  point  marking  the  last  or  fining  stage. 
When  the  last  trace  of  carbon  is  burnt  away,  the 
flame  suddenly  drops,  and  is  succeeded  by  a  stream  of 
luminous  white-hot  gas,  consisting  principally  of  nitro- 
gen, the  heat  being  kept  up  firom  this  moment,  if  the 

^'  blowing  be  continued,  entirely  by  the  combustion  of 
the  molten  decarburised  iron.     As  soon,  however,  as 

'  the  flame  indicates  that  the  whole  of  the  carbon  is 

'  removed,  the  converter  is  turned  back  to  the  horizontal 
position,  and  the  proper  quantity,  usually  about  10  per 

^  cent.,  of  molten  spiegeleisen,  or  other  similar  compoimd 
of  iron,  carbon,  and  manganese,  ia  run  in  from  the  air 
furnace  in  the  same  manner  as  the  original  charge. 

'  Formerly  the  blowing  was  resumed  for  a  few  minutes 
after  addition  of  the  spiegeleisen,  but  this  is  now 
discontinued,  and  the  contents  of  the  converter  are 
emptied  into  the  ladle,  which  has  been  brought  into 
the  proper  position  by  lowering  the  central  pillar  of 
the  crane.  The  ingot  moulds  usually  employed  are 
made  of  cast  iron,  open  at  both  ends,  of  an  octagonal 
or  circular  form  of  base,  and  somewhat  smaller  in 
diameter  at  the  top  than  the  bottom.  They  are 
arranged  in  a  semicircle  on  the  floor  of  the  casting 
pit.  The  ladle  is  raised  to  a  sufficient  height  to 
clear  the  top  of  the  moulds,  and  is  turned  so  as 
to  bring  the  hole  over  the  centre  of  each  one  suc- 
cessively ;  the  plug  is  lifted,  and  the  molten  steel 
flows  out  in  a  stream  about  an  inch  thick.  Care 
must  be  taken  to  prevent  the  stream  from  striking 
against  the  side  of  the  mould,  in  which  case  the  ingot 
*8  likely  to  be  unsound.  When  the  mould  is  filled  a 
small  quantity  of  sand  is  thrown  on  the  surface  of  the 
metal,  which  is  then  covered  by  a  piece  of  thin  sheet 

t2 
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iron,  and  the  whole  is  secured  by  a  cross  bar  paasino 
through  two  eyes  on  the  top  of  the  mould. 

After  the  converter  is  charged,  the  blast  must\)e 
admitted  before  it  is  turned  back  to  the  vertical  posi- 
tion, otherwise  the  molten  metal  -would  run  down 
through  the  twyers.  A  pressure  of  from  5  to  6  Ik 
per  square  inch  is  required  to  overcome  the  hydraulic 
head  of  the  liquid  column  of  metal,  and  from  9  to 
14  lbs.  more  to  force  the  air  throug^h  at  the  proper 
velocity,  or  from  16  to  20  lbs.  per  square  inch  total 
pressure. 

An  arrangement  for  opening  and  shuttings  the  valve 
by  the  rotation  of  the  converter  is  shown  in  Fig.  4o. 
The  valve,  which  is  of  a  double-beat  form,  has  its  stem 
prolonged  upwards,  and  carries  a  weight  tending  to  keep 
it  pressed  against  its  seat.  The  lifting  mechanism  con- 
sists of  a  lever  worked  by  an  eccentric  disc  attached 
to  the  axis  of  the  converter.  When  the  latter  i> 
lowered  for  filling,  the  pressure  of  the  eccentric  is 
taken  off  the  lever,  and  the  valve  closes  ;  but  when 
the  motion  takes  place  in  the  opposite  direction,  the  cam 
part  of  the  disc  lifts  the  lever,  and  with  it  the  valve. 
By  this  arrangement,  the  opening  and  shutting  of  the 
valve  at  the  right  moment,  a  point  of  great  importance, 
are  made  completely  independent  of  the  action  of  the 
man  working  the  converter.  The  form  and  method  ot 
arrangement  of  the  twyer  bricks  are  shown  in  plan  and 
section  in  Fig.  45,  c  and  d. 

In  Sweden  and  Austria  the  process  is  usually  con- 
ducted without  remelting  the  pig  iron,  which  is  tapp^ 
directl)'  froili  the  blast  furnace  into  the  converter.  In 
the,  former  country  the  addition  of  spiegeleisen  wbs 
formerly  dispensed  with,  the  blowing  being  only  con- 
tinued  for   a  very  short  time    after  the   more  rapid 
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boiling  has  ceased.  The  uncertainty  of  being  able  to 
stop  the  process  at  the  right  moment  has  led  to  the 
more  general  adoption  of  total  decarburisation,  and  the 
addition  of  spiegeleisen  in  the  manner  already  de- 
scribed. 

Various  highly-carburised  compoimds  of  iron  and 
manganese  have  been  introduced  as  substitutes  for 
spiegeleisen  in  the  Bessemer  process.  Among  these 
are  Prieger's  ferro-manganese,  which  is  made  by 
heating  mixtures  of  pyrolusite,  charcoal,  and  finely- 
divided  scrap  iron  in  crucibles  containing  from  30  to 
50  lbs.  weight  to  a  white  heat.  The  alloys  obtained 
contain  from  66  to  80  per  cent,  of  manganese. 
Henderson's  alloy,  made  in  Glasgow,  is  of  a  siniilar 
character,  containing  from  15  to  30  per  cent,  of  man- 
ganese. 

In  Styria  the  use  of  spiegeleisen  is  entirely  dis- 
pensed with,  the  restoration  of  the  proper  amount  of 
carbon  to  the  burnt  iron  being  effected  by  the  addition 
in  proper  quantity  of  a  similar  pig  iron  to  that  con- 
stituting the  original  charge. 

It  need  scarcely  be  said  that  the  reactions  going  on 
in  the  Bessemer  converter  are  substantially  similar  to 
those  observed  in  puddling  and  hearth  fining.  The 
following  is  the  most 'complete  series  of  analyses,  taken 
at  different  stages  of  the  process,  hitherto  pubHshed. 
It  refers  tx)  the  Austrian  Government  Works  at  Neuberg, 
in  Styria.  The  pig  iron  operated  upon  is  smelted  from 
the  spathic  ores  of  the  Erzberg  with  charcoal. 
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1 

▲KALT8E0  OF  XBTAL. 

I. 

n. 

ni. 

IT. 

^■\ 

Carbon,  graphitic  . 
„      combined    . 

3180 

__ 

-  » 

0-760 

2-466 

0-949 

0087 

0-234 

Silicon    . 

1-960 

0-443 

0-112 

0028 

0-033 

PhosphoruB    . 

0-040 

0-040 

0046 

0046 

0-044 

Bulphur . 

0018 

trace 

trace 

trace 

trace 

Manganese     . 

3-460 

1-646 

0-429 

0  113 

0-139 

Copper  . 

0085 

0091 

0-096 

0120 

O-lOo 

No.     I.  Original  pig  iron. 

II.  Metal  taken  at  end  of  first  stage. 

III.  „        „      after  the  boil. 

IV.  „        ff      end  of  the  blowing. 
y.       „      restored  to  steel  by  addition  of  pig  iron. 


» 


» 


It 
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OOMFOSITIOy    OF  SLAGS. 


Silica  .... 

Alumina 

Protoxide  of  iron 

„  manganese 

Lime    . 
Magnesia 
Potash     \ 
Soda        ) 
Sulphnr 
Phosphorus 


II. 


46-78 
4-66 
678 

3700 
2-98 
1-63 


0-04 
003 


III. 

IV. 

61-76 

46-76 

2-98 

2-80 

6-60 

16-86 

37-90 

32-23 

1-76 

119 

0-46 

0-62 

T. 


traces '  throug^hont 


trace 
0-02 


trace 
0*01 


47-27 

3-45 

16-43 

31-89 

1-23 

0-61 


trace 

o-oi 


These  analyses  are  nimibered  to  correspond  with  those  of  the  me^ 

taken  at  the  same  time. 

It  will  be  seen  from  the  above  analyses  that  the  iron 
is  not  oxidised  by  the  blast  to  any  great  extent  until 
nearly  the  whole  of  the  manganese  and  carbon  h^n 
been  removed.  The  retention  of  the  entire  quantity 
of  phosphorus  contained  in  the  original  pig  iron  ii^ 
the  finished  steel  is  in  accordance  with  observations 
made  in  other  countries.  Various  methods  have  been 
suggested  and  tried  for  its  removal,  but  hitherto  with- 
out success  The  problem  of  making  steel  from  the 
ordinary  qualities  of  English  pig  iron  still  remains  to 
bo  solved. 
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In  Sweden  and  Austria  the  finished  steel  is  classified 
by  nmnhers,  according  to  the  hardness  and  percentage 
of  carbon,  commencing  with  the  most  highly  carbu- 
rised.  The  amount  of  carbon  is  determined  by  Eggertz's 
colorimetric  method,  described  at  p.  390.  The  following 
is  the  proportion  of  carbon  in  Bessemer  steel  from 
Heft,  in  Carinthia : — 


No. 

Specific  gravity. 

Carbon. 

Silicon. 

n. 

7791 

1-35 

002 

III. 

7-828 

115 

trace 

IV. 

7-848 

0-85 

002 

V. 

7-856 

0-72 

0-03 

VI. 

7-836 

0-53 

trace 

VII. 

7-872 

0-11 

trace 

In  Sweden  a  similar  basis  of  classification  is  adopted ; 
but  instead  of  arbitrary  numbers,  the  qualities  are  dis- 
tinguished by  the  actual  percentages  of  carbon. 

At  Seraing,  in  Belgium,  the  following  scale  is  used. 
It  applies  only  to  the  milder  qualities. 


Class. 

Carbon 
per  cent. 

Tensile 
strength. 
Kilog.  per 
sq.  m.m. 

Elongation, 
per  cent. 

Properties. 

Extra  soft 

Soft     .     . 
Semi-hard 
Hard  .     . 

0-25—0-35 

0-36-0-45 
0-45—0-55 
0-65— 0-66 

48—56 

1  56—69 
69—105 

20  to  25 

10  to  20  [ 
5  to  10 

Welds,  but  does 

not  harden. 

Weldsjandhard- 

ens  imperfectly. 

Hardens,butdoes 

not  weld. 

Ingots  with  more  than  0*65  per  cent,  are  classed  as 
extra  hard,  but  they  are  not  produced  in  the  regular 
system  of  working. 

The  slags  of  the  Bessemer  process  vary  considerably 
in  composition  from  those  of  the  puddling  furnace, 
being  much  more  acid  and  approximate  to  the  pyroxene 
formula  SROgSiOj.     At  Horde,  in  Westphalia,  a  crys- 
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tollised    slag  has    been    obtained    which  yielded  by 
analysis — 


Silica        •         •         •         . 

.     44-78 

Protoxide  of  iron 

.     20-59 

„            manganese 

.     82-74 

Lime          • 

.       1-58 

Magnesia  •         •         •         , 

.       017 

99-76 
Oxygen,  ratio  of  silica  :  bases  =c  23"'85  :  12*43. 
Specific  gravity,  308. 

The  crystals  were  found  to  be  of  the  regular  augite 
form,  the  angles  being  intermediate  between  those  oi 
the  natural  minerals  Pajsbergite  and  Babingtonite,  asis 
also  their  composition. 

The  enormously  high  temperature  developed  by  tk 
action  of  cold  air  on  molten  oast  iron  in  the  Bessemer 
process  is  obviously  due  to  the  extreme  rapidity  witli 
which  the  operation  takes  place,  and  the  adyantageow 
form   of    the   converter    for    concentrating    the  heat 
developed.      For,   although   the   reactions,    and   con- 
sequently the  heat  produced,  are  in  no  waj  different 
from  those  of  other  finery  processes,  whether  in  the 
open    fire    or    reverberatory    furnace — carbon,  silicon, 
manganese,  and  some  iron  beii^g  burnt  in  either  case, 
with  the  productions  of  carbonic  oxide,  silicates  of  pro- 
toxide of  iron  and  manganese,  and  malleable  iron — ^^ 
have,  in  the  blowing  of  a  charge  weighing  five  tons,  an 
amount  of  work  done  in  about  twenty  minutes  that 
would  require  from  two  and  a  half  to  three  days  in  it^ 
performance   in  the  puddling   furnace.     It  has  been 
pointed  out  by  Jordan  that  the  principal  part  of  the 
heat  developed  in  the  process  is  due  to  the  combustioQ 
of  silicon,  which,  when  oxidised  to  silicic  acid,  combines 
with  protoxide  of  iron  and  other  bases,  and  remains  in 
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the  bath  in  the  form  of  slag ;  while  in  the  case  of 
carbon  a  considerable  portion  of  the  heat  is  expended 
in  volatilising  the  carbonic  oxide  produced,  which 
escapes  at  the  temperature  of  the  melted  metal,  and 
bums  to  waste  at  the  mouth  of  the  converter.  If  the 
calorific  power  of  silicon  be  assumed  to  be  the  same  as 
that  of  carbon,  the  amount  of  heat  produced  by  the 
combustion  of  one  kilogramme  of  silicon  to  silicic  acid 
will  be  8.000  units*  when  burnt  in  pure  oxygen,  or 
6,382  in  air ;  the  difference  between  the  two  quanti- 
ties corresponding  to  the  amount  required  to  heat  up 
the  inert  nitrogen.  Under  the  latter  condition,  one 
kilogramme  of  carbon  will  produce  only  475  effective 
units,  being  the  difference  between  2,473  units  theoreti- 
cally developed,  and  1,998  units  carried  off  by  the 
gaseous  products,  carbonic  oxide  and  nitrogen,  sup- 
posing them  to  escape  at  a  temperature  of  1,400°.  The 
use  of  steam  instead  of  air  as  an  oxidising  agent,  is,  in 
the  case  of  the  combustion  of  iron  or  carbon,  always 
disadvantageous,  on  account  of  the  great  amount  of 
heat  required  to  free  the  oxygen  from  its  combination 
with  hydrogen,  which  is  not  reproduced  to  the  same 
extent  in  the  subsequent  formation  of  carbonic  oxide 
or  protoxide  of  iron.  With  silicon,  however,  the  con- 
ditions are  somewhat  different,  as  there  is  a  small 
sensible  gain.  This  will  explain  the  reason  why  the 
use  of  steam  in  the  refinery  is  only  recommended  for  a 
few  minutes  at  the  commencement  of  the  operation — 
that  is,  as  long  as  free  silicon  remains  in  the  pig  iron 
under  treatment. 

» 

♦  This  is  in  excess  of  the  real  amount,  which  has  recently  been 
determined  to  be  7,000.  Jordan's  original  figures  are  however  pre- 
served, as  the  quantities  are  only  gpiven  as  approximations  for  the 
purpose  of  illustrating  the  theory  of  the  process  and  not  as  absolute 
iiumeiical  determinations. 
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Bj'  applying  the  quantities  given  above  to  the  calcu- 
lation of  the  amount  of  heat  developed  in  the  blowiflg 
of  one  ton  of  Bessemer  pig  iron  of  the  ordinary  quaBty 
produced  in  the  South  of  France,  which  is  the  followiDg 
composition  per  ton  of  1,000  kilog. — 

Carbon   .        •         .         .         .42-50 

SUicon 20-00 

Iron  and  manganese  •         •     987*50 

100000 
Jordan  arrives  at  the  following  results  ;— 

Kilogr.  ^'"*^^Aif 

The  combusiionof  20    of  silicon  produces  127,64o. 

42*6  of  carbon  produces  20,176. 

87*5  of  iron  and  mang.  produces   66,287. 

Or  a  total  of     .       .         .    214,061. 

Tf  we  take  the  specific  heat  of  molten  malleable  iron 
at  016,  the  amount  of  heat  developed  will  be  sufficient 
to  raise  the  temperature  of  the  metal,  which  is  supjx^ 
to  be  completely  decarburised,  about  1,350  degrees  above 
that  of  the  cast  iron  when  run  into  the  converter. 

The  great  heating  power  of  silicon  is  therefore  to  M 
regarded  as  the  reason  for  the  use  of  dark  grey  iron  in  ^^^ 
Bessemer  process ;  under  ordinary  circumstances,  aW 
2  or  2*5  per  cent,  silicon  being  considered  as  essentia' 
Jordan  states  that  in  the  steel  works  in  the  Soutb  oi 

■ 

France  the  process  could  only  be  carried  out  by  running 
the  cast  iron  directly  from  the  blast  furnace  into  tic 
converter,  the  amount  of  silicon  being  not  sufficient  to 
allow  of  remelting  of  the  pigs — an  operation  which  i^ 
usually  attended  with  a  loss  of  about  1  per  cent,  oi 
silicon.  The  place  of  silicon  as  a  heat-producer  in  ti^ 
Bessemer  process  may  be,    to  some  extent,  taken 
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manganese,  as  is  the  case  in  Styria,  where  the  cast  iron 
used  is  smelted  from  the  spathic  ores.  It  is,  however, 
less  advantageous,  because  the  deficiency  in  silica,  which 
is  required  to  flux  the  protoxide  of  manganese  formed, 
can  only  be  supplied  by  the  destruction  of  the  siliceous 
lining  of  the  converter.  The  corrosive  action  of  manga- 
nese on  the  hearths  of  blast  furnaces  where  spathic  ores 
are  smelted  has  already  been  noticed  at  p.  224. 

Although  silicon  is  an  essential  component  of  good 
Bessemer  pig  iron,  it  is  of  importance  that  the  amount 
per  cent,  should  be  somewhere  about  the  same  as,  or  not 
very  much  more  than,  that  of  the  carbon.  An  excess  of  the 
former  element  works  prejudicially  in^two  ways — first, 
it  gives  rise  to  an  increased  waste  of  iron  in  the  slag ; 
and,  secondly,  it  cannot  be  completely  removed  before 
the  whole  of  the  carbon  is  burnt  away,  so  that  it  may 
liappen,  in  the  blowing  of  such  metal,  that,  although  the 
process  is  apparently  complete  as  determined  by  the 
usual  indication  of  the  cessation  of  the  flame  from  the 
converter,  sufiicient  silicon  is  retained  in  the  decar- 
burised  metal  to  render  the  finished  steel  brittle  and 
useless.  Snelus  gives  the  following  analyses  in  illus- 
tration of  this  point : — 


I. 

n. 

111. 

IV. 

Carbon   .         • 

.     0-445 

0-615 

0-660 

0-490 

Silicon     .        • 

.     0-814 

0-270 

0-640 

0-009 

Sulphur  . 

— 

— 

0-067 

0-033 

Phosphorus    . 

— 

0-038 

0036 

Manganese     . 

,        — 

— 

0-554 

0-676 

€k)pper   . 

•        — 

— 

0-031 

0-025 

Analyses  I.,  II.,  and  III.,  are*  examples  of  under- 
blown  and  brittle  steel,  rich  in  silicon ;  IV.  is  the 
ordinary  composition  of  good  Bessemer  rail-steel  made 
at  Dowlais. 

The  following  series  of  analyses,  by  the  same  chem^'"^ 


420  3HETALLUKOY   OF   IRON. 

of  metal  taken  at  diflferent  stages  of  the  blow.ioi 
very  distinctly  the  gradual  remoyal  of  the  carbon 
with  the  fiilicoa  : — 


1.        iL        m.        IV.       V.  ^ 

2070         —  —  —  -  " 

1-200  2170  1-550  0097  0'566  0.513 

1-952  0-795  0-635  0-020  0-030  OO^j 

0*014  iarsuie  trace  trace  trace  tnM 

0048  0051  0-064  0-067  0-065  Oi5^ 

00S6  trace  trace  trace  0-309  OSi^ 

_  __  0-039  OOi' 


Carboii)  graphitic; 
„       combined 
Silicon . 
Sulphur 
PhosphoruB  . 
Manganese  . 
Copper . 

KatioofoartontoK.g^j    2-7:1    24:1     4-8:1     19:1    i:' 
Silicon         .  ) 

1.  melted  charge  of  pig ;  II.  metal  at  end  of  first  stage,  6  minntfi 
from  start;  III.  metal" after  blowing  9  minutes;  IV.  over^Wo*^ 
metal,  13  minutes  from  start,  before  adding  apiegeleisen ;  ^-  ^ 
from  ingot ;  VI.  steel  trom  tinished  rail. 

It  will  be  noticed  on  comparing  these  analyses  witd 
the  similar  series  from  Styria  given  on  p.  414,  thattw 
observed  phenomena  g-re  substantially  the  same  in  bota 
instances.  The  difference  in  the  amount  of  copper 
which  is  much  larger  in  the  Styrian  steel  than  in  tha 
from.  Dowlais,  is  to  be  attributed  to  the  fact  that  the  p's^ 
iron  used  in  the  former  is  entirely  smelted  from  spatDi<: 
ore,  while  in  the  latter  only  the  spiegeleisen  is  due  to 
that  source.  Copper  pyrites,  in  small  quantity,  is  almost 
invariably  present  in  spathic  carbonates,  and  however 
carefully  they  may  be  roasted  and  weathered,  80in« 
copper,  as  a  general  rule,  is  reduced,  and  passes  into  the 
iron  in  the  blast  furnace. 

The  progress  of  the  conversion  of  the  charge  can  ^ 
controlled  to  some  extent  by  observing  the  spectrum 
given  by  the  flame  with '  the  spectroscope  ;  and  i^ore 
particularly  the  moment  of  complete  decarburisatioD 
may  be  determined  with  considerable  accuracy,  espe* 
cially  if  the  flame  be  bright  and  free  from  smoke.  T^^ 
spectrum  produced  when  the  combustion  is  most  active 
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IS   characterised  by  groups  of   numerous  lines  in  the 
yellow  and  green  portions,  that  of  sodium  being  the 
most  prominent  and   the  first  to  appear  among  the 
former.     There  is  also  a  well-defined  group  of  lines  in 
tlie  blue  field,  and  under  the  most  favourable  conditions 
the   violet  and  red  lines   of  potassium  and  lithium, 
together  with  an  extra  violet  line  accompanying  the 
former,  are  seen.     For  this,  however,  an  instrument  of 
great  defining  power,  and  an  extremely  bright  flame 
are  essential.     When  the  metal  is  completely  decar- 
burised,  the  yellow  and  green  lines  disappear,  but  the 
sodium  is  persistent,  sometimes  even  after  the  tipping 
of  the  converter.     On  the  addition  of  the  spiegeleisen^ 
the  whole  of  the  lines  reappear  with  great  brilliancy. 
When  there    is    much  mangenese   in   the   cast  iron 
employed,  as  is  the  case  in  St3rria,  the  use  of  the  spectro- 
scope is  difficult,  owing  to  the  brown  smoky  character 
of  the  flame. 

At  Seraing,  it  has  been  found  that  the  disappearance 
of  the  dark  absorption-bands,  which  alternate  with  the 
bright  lines,  can  be  more  readily  determined  than  the 
latter,  which  often  reappear  after  their  apparent  extinc- 
tion, and  is  therefore  to  be  preferred  as  admitting  of 
much  closer  and  easier  observation. 

The  exact  chemical  character  of  the  spectrum  of  the 
Bessemer  flame  has  not  as  yet  been  made  out,  although 
it  has  been  the  cause  of  considerable  controversy,  there 
being  two  different  opinions  as  to  its  origin.  One  of 
these  supposes  the  lines  to  be  due  to  carbonic  oxide 
and  their  cessation  to  the  complete  combustion  of  the 
carbon,  while  the  other  considers  that  they  are  mainly 
produced  by  manganese,  and  that  their  sudden  dis- 
appearance may  be  accoimted  for  by  the  diminution  in 
the  amoimt  of  the  metal  volatilised  until  the  quantity 
present  in  the  flame  is  reduced  below  that  necessary  to 
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produce  them,  it  having  being  found  that  for  the  detec- 
tion of  manganese  by  the  spectroscope  much  largei 
quantities  must  be  employed  than  are  sufficient  to  pro- 
duce the  ordinary  reaction  with  soda  on  platinum  foil 
before  the  blow-pipe. 

Another  indication  of  the  progress  of  the  operation,  li 
that  afforded  by  the  character  of  the  slag.  This  hi 
been  employed  in  Austria  and  Sweden.  An  iron  rodL^ 
inserted  into  the  converter,  and  when  brought  out  a 
portion  of  the  slag  adheres  to  the  point.  So  long  as 
any  carbon  remains  unconsumed  a  peculiar  brownisn 
tint  is  observed,  but  as  soon  as  the  point  of  total  decar- 
burisation  is  reached,  the  slag  assumes  a  dead  black 
colour,  with  a  peculiar  metallic  lustre  characteristic  ot 
the  presence  of  protoxide  of  iron  in  considerable 
quantity.  This  test  is  said  to  be  capable  of  great  pre- 
cision in  the  hands  of  experienced  workmen. 

The  largest  series  of  Bessemer  converters  hitherto 
erected  are  those  at  Barrow-in-Furness.  They  are 
arranged  in  two  groups,  of  which  one  has  four  con- 
verters, taking  7J-ton  charges,  and  the  other  a  aimifar 
number  of  a  smaller  size,  holding  6  tons  each.  The 
former  are  9J  feet  in  greatest  diameter,  and  14f  f^^ 
high.  In  all  cases  the  proportion  occupied  by  the 
Tnelted  metal  is  very  small  as  compared  with  the  enti^  | 
capacity  of  the  converter,  a  large  empty  space  being 
required  in  order  to  prevent  the  ejection  of  the  flii^" 
contents  when  the  boiling  is  at  the  highest  point. 

In  Sheffield  the  loss  of  weight  on  the  pig  iroD 
employed  is  about  15  per  cent.,  in  addition  to  7J  p^^ 
cent,  in  the  reverberatory  melting  furnace,  or  22J  per 
cent,  in  all.  With  3-ton  converters  the  lining  hi^ 
to  be  renewed  after  blowing  250  tons ;  but  the  twyert 
wear  out  much  quicker,  and  must  be  replaced  oRe' 
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making  10  tons,  that  is,  after  every  third  or  fouitli 
operation. 

The  number  of  charges  made  daily  is  not  more  to 
four  for  each  converter,  as,  although  the  actual  blowing 
does  not  require  more  than  fifteen  or  twenty  mumtes,* 
considerable  time  is  required  for  the  accessory  operations 
of  melting  the  pig  iron,  the  solidification  and  remoTal 
of  the  castings,  and  the  arrangement  of  the  moulds. 

The  ingots,  when  drawn  from  the  moulds,  like  those 
obtained  from  steel  melted  in  crucibles,  are  always  mow 
or  less  unsoimd,  and  require  to  be  compacted  bj 
hanunering.  For  this  purpose,  they  are  raised  to  a 
bright  red  heat  in  a  reheating  furnace,  care  bem^ 
taken  to  keep  the  hearth  filled  with  smoking  flame. 
in  order  to  prevent  the  carbon  from  burning  awaj 
They  are  then  hammered  to  a  smooth  face  under  a 
steam  hammer,  and  at  a  second  heat  swaged  down  t^^ 
the  form  of  the  first  groove  of  the  rolling  mill,  when  in- 
tended for  bars  or  rails.  The  length  of  the  mgot  i* 
extended  from  4 J  to  8  feet  under  the  hammer.  1^ 
rolling  rails  two  heats  are  required  in  additioD 
Spherical  shot  are  cast  a  little  larger  than  the  Bi^e 
required,  and  afterwards  reduced  to  the  proper  ^g^ 
and  dimensions  by  a  steam  hammer  with  hemisphencal 

swages.  ^         /•     t 

Siemens-Martin  Process,  The  production  of  ^ 
steel  in  the  reverbatory  furnace,  by  dissolving  ^^^' 
leable  scrap  in  molten  cast  iron  according  ^  ^'^^ 
method  proposed  by  Heath,  Price,  and  Nicholson,  a^ 
others  has  of  late  been  brought  to  a  cousf(Jeraoie 
degree  of  perfection  by  the  use  of  the  regenerative 
gas  furnace,  which  gives  an  intense  heat  without  ^ 
quiring  an  oxidizing  or  cutting  draught,  as  is  the  cd>^ 
with  ordinary  stack-drrught    furnaces.      The  process 


■^ 
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,vas  first  carried  out  on  a  working  scale  by  Martin 
)f  Sireuil,  near  Paris,  who  has  given  his  name  jointly 
kvith  that  of  Siemens  to  the  process.  The  furnace  is 
represented  in  longitudinal  and  transverse  sections 
XI  Fig,  46.  The  regenerators  a  a  and  g  g  are  placed 
Delow  the  bed  in  the  usual  manner,  the  former  being  em- 
Dloyed  for  heating  air  and  the  latter  for  gas.  The  bed 
\  B  is  made  of  finely- ground  quartz  sand,  consolidated 
by  pressure,  and  strong  heating,  and  is  supported  on 
oast-iron  plates,  which  are  kept  cool  by  a  circulation  of 
iir.  The  surface  of  the  bed  is  flat,  with  a  slight  in- 
dination  towards  the  top  hole,  which  is  placed  below  the 
middle  working  door,  on  the  front  of  the  furnace.  The 
ladle  c,  which  has  a  similar  arrangement  for  running 
iout  the  steel 'through  a  hole  in  the  bottom,  to  that  em- 
ployed on  the  Bessemer  process,  is  mounted  upon 
wheels  and  travels  upon  a  railway,  the  ingot  moulds 
being  arranged  in  a  straight  line  in  the  pit  below. 

According  to  the  size  of  the  furnace  the  charge  may 

be  from  35  cwt.  to  5  tons.    The  materials  used  are  good 

;pig-iron,   sirch  as  that   employed  for  Bessemer  steel 

making,  wrought  iron  in  the  form  of  bars,  malleable 

scrap,   or   Bessemer   steel   crop  ends   and  waste,  and 

spiegeleisen.     A  charge  of  35  cwt.  may  consist  of  3 

;cwt.  of  pig  iron,  30  cwt  of  Bessemer  scrap,  and  2  cwt. 

of  spiegeleis^i.     The  pig  iron  is  first  melted,  and  the 

malleable  iron  or  steel   is  added   in  small   quantities 

^  at  a  time,  care  being  taken  to  raise  it  to  a  white  heat 

by  exposure  to  the  stream  of  gas  on  the  bridges  before 

immersing  it  in  the  bath  of  molten  cast  iron. 

^     The  reversal  of  the  gas  and  air  valves  takes  place 

■  every  twenty  minutes.     As  soon  as  the  entire  charge  is 

'  dissolved,  a  sample  of  the  metal  is  taken  out  in  a  small 
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wrouglit-iron    ladle,    and    after   casting  is  cooled: 
water  and  broken. 

The  heat  is  continued  with  an  oxidizing  flame  nut 
the  assay  sample,  although  suddenly  cooled,  gives 
perfectly  soft  and  tough  metal,  indicating  the  point 
total  decarburisation.  When  the  spiegeleisen  is  ada^ 
care  should  be  taken  to  charge  it  through  the  lit 
nearest  to  the  bridge,  which,  at  the  time  is  on  thet 
side  of  the  furnace.  When  it  is  melted,  which  usual; 
takes  about  twenty  minutes  time,  the  charge  is  stirm 
in  order  to  mix  the  contents  as  uniformly  as  possible 
*  an  operation  which  must  be  done  quickly  in  order  t 
prevent  loss  of  manganese  in  the  slag.  The  contec:! 
of  the  furnace  are  then  run  into  the  ladle  and  castm' 
ingots  in  the  usual  way,  the  same  precautions  being  ol> 
served  as  in  the  Bessemer  process.  Usually  three  charg^^ 
are  made  in  24  hours.  The  yield  per  charge  of  35  c^ 
is  from  32  to  33  cwt.  of  ingots,  the  ordinary  loss  bein-^ 
8^  per  cent.,  or  in  the  most  favourable  case  about  ^f 
cent.  The  furnace  must  be  let  down  for  repairs  &> 
intervals  of  six  weeks  at  the  longest. 

This  process  is  of  great  advantage  for  the  workiDg^I 
of  the  waste  of  Bessemer  steel  works,  which  canno 
safely  be  added  to  the  charge  in  the  converter,  a  p«^ 
which  has  been  tried,  but  not  with  success.  Puddlf^i 
bars,  made  specially,  cut  into  proper  lengths,  snd  g^ 
'crap,  such  as  that  obtained  in  the  neighbouring  ^' 
plate  forges,  are  the  principal  forms  of  jnBlledo^^ 
iron  used  in  South  Wales. 

Another  modification  of  the  Siemens  process  eonsisi^ 
in  the  use  of  finely-divided  iron  in  the  spongy  sta^^ 
produced  by  the  reduction  of  a  pure  red  or  hTO^^ 
hematite  by  a  cuirent  of  carbonic  oxide  at  a  red  h^^^' 
instead  of  bars  or  other  manufactured  forms  of  mallea 
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•on.  In  the  newest  arrangement  adopted  for  this  purpose 
je  finely- divided  spongy  iron  produced  in  upright  re- 
orts  is  made  to  pass  into  a  gas  furnace  with  an  enclosed 
►ed,  where  it  is  consolidated  by  immersion  into  melted 
lagnetic  oxide  of  iron,  produced  by  the  partial  reduc- 
Lon  of  hematite,  sufficient  lime  being  incorporated  with 
he  mass  to  flux  the  silica  of  the  ore.  These  agglome- 
ated  masses  are  then  treated  in  the  bath  of  pig-iron, 
jroducing  steel  directly  by  the  oxidizing  action  of  the 
nagnetic  oxide  on  the  carbon  in  the  melted  metal. 

BerarcCs  Process. — This  is  generally  similar  to  the 
tf  artin  process ;  the  conversion  of  cast  iron  into  steel 
s  effected  by  subjecting  the  melted  metal  alternately 
,o  a  decarburizing  and  recarburizing  flame,  for  which 
purpose  it  is  necessary  to  employ  an  air  blast.  The 
)peration  is  effected  in  a  gas  furnace  with  a  double 
j-enerator,  the  gas  produced  from  coal  in  the  first  being 
passed  through  a  column  of  coke  in  the  second. 
The  furnace  has  a  deep  bed  and  highly  inclined  gas- 
burners,  and  there  is  also  a  provision  for  blowing  air 
through  the  charge  from  below.  Hot  blast  is  used, 
which  is  heated  in  cast-iron  pipes  by  the  waste  flame 
in  the  flue,  which  is  also  utilized  for  heating  up  the 
charge  and  melting  spiegeleisen.  This  process,  has 
not  as  yet  been  employed  to  any  great  extent,  and 
has  only  recently  been  introduced  into  this  country. 

Hardening  and  Te^npering  Steel,  The  property  of 
becoming  hardened  by  sudden  cooling  from  a  high 
temperature  is  possessed  by  all  varieties  of  malleable 
iron  containing  more  than  0*25  per  cent,  of  carbon. 
The  degree  of  hardness  imparted  by  the  operation  is 
dependent  partly  on  the  amount  of  carbon  present,  and 
partly,  but  in  a  greater  degree,  on  the  difference  of 
temperature  between  the  heated  metal  and  that  of  the 
fluid  employed  in  hardening,  and  the  rapidity  with 
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which  the  cooling  takes  place.  Those  fluids  that  posses 
the  highest  conducting  power  for  heat  produce  ^t 
greatest  hardening.  Thus,  mercury  is  most  efficacioo.* 
in  this  respect,  whereas  alcohol  is  entirely  witte 
action.  « 

The  specific  gravity  of  steel  is  diminished  by  harden- 
ing. According  to  Hausmann,  hard  unweldable  cas 
steel  {rom  Solingen  was  reduced  from  7*844  to  7'76<J, 
and  a  softer  welding  quality  from  7-858  to  7*801,  by 
quenching  from  a  red  heat  in  cold  water.  The  chanp 
of  volume  is  not  uniform  even  for  objects  of  a  regm 
form.  Caron  found,  by  repeating  the  operation  on  tiK 
same  bar  for  many  times  in  succession,  that  hammered 
bars  contracted  in  length  and  increased  in  the  om 
dimensions.  With  rolled  bars  and  sheets,  on  the  other 
hand,  an  increase  in  length  was  observed.  After  tiirtT 
hardenings,  the  specific  gravity  was  diminished  fioffi 
7-817  to  7-743. 

The  process  of  tempering  consists  in  reheatiiig 
hard^ied  steel  to  a  temperature  varying  with  the  d^ 
gree  of  hardness  required,  and  cooling  it  by  immerfflO|i 
in  the  same  manner.  The  proper  temperature  is  ifltti' 
cated  by  the  colour  of  the  thin  film  of  oxide  formed  on 
the  surface  of  the  heated  steel,  according  to  the  follow- 
ing  scale : — 


Temperature. 

Colour. 

220« 

Pale  yellow. 

230 

Straw  yeUow. 

243 

Golden  yellow. 

255 

Brown. 

265 

Brown  dappled 

with  purple. 

277 

Purple. 

288 

Bright  blue. 

203 

Full  Mue. 

316 

Dark  blue. 

Proper  temper  for 
Lancets. 

Razors  and  surgical  instnun^^ 
€!ommon  razors  and  penknivefl- 
Cold  chisels,  shears,  scissors. 

I         Axes,  planes,  &c. 

Table  knives,  large  shears. 
Swords,  coiled  springs. 
Fine  saws,  augers,  &c. 
Hand  and  pit  saws. 
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The  reheating  is  generally  eflEected  in  baths  of  molten 
aetals,  or  metallic  alloys  having  definite  fusing  points. 
?liTis,  alloys  of  tin  and  lead,  in  varying  proportions, 
aay  be  used  up  to  a  temperature  of  about  300° ;  above 
rhich,  boiling  linseed  oil  and  pure  lead  are  to  be 
!inployed. 

The  tenacity  of  steel  is  very  highly  increased  by 
empering  with  oil  instead  of  water. 


CHAPTER  XIX. 

ANALYSIS   OF   CAST  AND   WROUGHT   IRON   AND   STEEL. 

The  chief  points  required  to  be  determined  in  the 
inalysis  of  the  different  kinds  of  metallic  iron  for  com- 
nercial  purposes  are  carbon,  distinguishing  the  graphitic 
From  that  in  the  combined  state,  silicon,  sulphur,  phos- 
phorus, manganese,  and  copper,  while  the  remaining 
common  heavy  metals,  and  those  of  the  alkaline  earths, 
are  of  less  importance,  as  occurring  only  in  minute 
quantities,  and  requiring  the  use  of  refined  analytical 
methods,  which  involve  too  great  an  expenditure  of 
time  and  materials  to  be  employed  except  in  special 
Lnquiries. 

Determination  of  the  Total  Amount  of  Carbon.  When 
iron  containing  carbon  in  the  state  of  combination  -is 
dissolved  in  hydrochloric  acid,  protochloride  of  iron  is 
formed  with  the  evolution  of  hydrogen,  which  in  the 
nascent  state  combines  with  a  portion  of  the  carbon 
set  free,  at  the  same  time  forming  volatile  hydrocarbons, 
which  escape,  giving  a  fetid  odour  to  the  gas.  If,  how- 
ever, instead  of  hydrochloric  acid,  a  metallic  chloride, 
reducible  by  iron,  is  used,  ho  evolution  of  hydrogen  takes 
place,  'and  the  whole  of  the  carbon  goes  down  in  an 


430  METALLURGY    OF    IRON. 

infloluble  form,  and  may  be  collected.    The  uucomfc 
or  graphitic  carbon  is  not  in  any  way  attacked  by  U 
acid.     The  reagent  generally  used  is  protocUoride  oi 
copper,  CuCl,  which  was  first  introduced  by  Benelux 
About  100  grains  of  the  metal  in  a  finely-divided  state 
usually  drill  chips,  boiings,  or  filings,  are  treated  wi^ 
a  moderately  strong  solution  of  protochloride  of  copp^ 
until  the  whole  is  decomposed.     Protochloride  of  iron^ 
formed,  and  metallic  copper,  which  remains  unaisaoiYB' 
together  with  the  carbon  and  silicon.     The  inwl* 
residue  is  collected  on  a  filter,  and  washed,  first  witt 
weak  hydrochloric  acid,  then  with  a  solution  of  potast 
and  lastly,  with  water,  leaving  only  the  carbon  ^^'-^ 
copper   behind,  which,   when    dried,  are  burnt  ^^ 
oxide  of  copper  in  a  hard  glass  tube,  according  toti:^ 
ordinary   method  adopted    in   organic   analysis- 
the   graphite  is  difficultly  combustible,  it  is  best  | 
bum  it  ofi"  in  a  current  of  free  oxygen.    The  to 
amount  of  carbon  is  deduced  from  the  carbonic  w^ 
produced  in  the  combustion,  which  is  absorbed  by  ca^^" 
potash  in  the  usual  way.     In  Richter's  modification  ° 
the   above  process  a  solution  of  the  double  cnlon 
of   copper  and    sodium,    NaCl  +  CuCl,  is  employ^ 
instead  of  chloride  of  copper  alone.     By  properly  P^ 
portioning  the  amount  of  the  double  salt  employ^ 
the  separation  of  metallic  copper  may  be  prevent^*' 
which  is  retained  in  solution  as  subchloride. 

Regnault's  method  of  burning  the  iron  directly 
oxide  of  copper,  or  chromate  of  lead,  can  only  ^ 
aidopted  when  the  substance  under  examination  is  ^' 
ceptible  of  being  reduced  to  a  fine  powder,  an  opera^ioi 
of  considerable  difficulty  with  many  varieties  ol  ^^ 
Weyl's  method,  which  does  not  require  the  sample 
be  powdered,  consists  in  effecting  the  solution  of 
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ron  with  hydrochloric  acid,  aided  by  a  weak  galvanic 
iurrent.    A  lump  of  the  iron  to  he  treated  is  partly  im- 

.  nersed  in  weak  hydrochloric  acid  in  connection  with 
he  positive  pole  of  a  single  Bunsen  cell,  the  negative 
Dole  being  formed  by  a  plate  of  platinum.  The  dis- 
tance between  the  poles  must  be  regulated  so  that  no 
sesquichloride  of  iron  is  formed,  a  point  that  may  be 
readily  determined  by  the  appearance  of  a  yellow  tint 
in.  the  liquid.  As  soon  as  the  immersed  portion  of  the 
iron  is  dissolved  the  remainder  is  removed,  washed, 
dried,  and  carefully  weighed  :  the  difference  or  loss  on 
the  original  weight  gives  the  amount  of  iron  dis- 
solved. The  carbon  and  other  insoluble  matters  are 
collected  on  an  asbestos  filter,  and  treated  in  a  similar 
manner  to  that  already  described. 

Ullgren's  method  depends  upon  the  oxidation  of  the 
total  amount  of  carbon  to  carbonic  acid  without  heat 

.  by  means  of  chromic  acid.  The  first  operation  consists 
in   treating  the  finely-divided  iron  with  sulphate  of 

„  copper,  producing  metallic  copper  and  protosulphate  of 
iron,  carbon  and  other  insoluble  substances  being  pre- 
cipitated. The  precipitate  is  washed  by  decantation, 
and  removed  into  a  fiask  with  the  smallest  possible 

,  quantity  of  water.  Strong  sulphuric  acid  is  then  added, 
and  after  the  liquid  has  cooled,  a  certain  quantity  of 

.  chromic  acid,  which  is  decomposed  by  the  carbon,  pro- 
ducing carbonic  a^cid,  which  is  collected  in  a  weighed 
tube  containing  caustic  potash  in  the  usual  way. 
This  method  was  reputed  to  give  good  results,  but, 
according  to  Schnitzler,  is  not  available  for  the  analysis 
of  steel,  the  results  indicated  being  inferior  in  accuracy 
to  that  of  Berzelius,  and  in  some  instances  as  much  as 
80  per  cent,  too  low  on  the  total  amount  of  carbon 
contained. 
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A  uew  method,  suggested  by  Fresenius,  of  disfiolm 
the  iron  in  hydrochloric  acid,  and  leadings  the  car- 
buretted  hydrogen  formed  over  ignited  oxide  of  copper 
80  as  to  conyert  it  iato  carbonic  acid,  is  said  to  ^"^^ 
good  results  with  steel  and  dark  grey  pig  iron  contaii- 
ing  but  little  combined  carbon.  The  gxaphitic  portk. 
remaining  in  the  residue  is  then  estimated  by  a  seoocs 
combustion.  Schnitzler  gives  the  following'  estimatfoi 
of  carbon  in  the  •same  steel  by  diflferent  methods  as  a 
measure  of  their  relative  accuracy : — 


I. 

n. 

111. 

0-68 

IV. 

V. 

vr. 

019 
0-78 

0-92 

XL 

Combined  carbon,  per  cent. 
Graphitic        „            „ 

Total  carbon     . 

0-93 

— 

0-74 

0-75 

0-96 

0-s: 

Nob.  I.,  TI.,  III.  Determinations  by  "Weyl's  method.  Nos.  IV.,  T 
By  Berzeliua's  method  with  chloride  of  copper.  Nos.  VI.,  VII.  B^ 
Fresenius' 8  method  of  determining  the  combined  carbon  directly.  Tl' 
latter  is  not  applicable  to  such  irons  as  contain  a  large  amooi^ 
of  combined  carbon,  such  as  spiegeleisen,  which,  when  dissolved  a 
acid,  deposit  hydrocarbon  oils  that  are  not  carried  off  by  the  hydrogc 
evolved. 

Boussingault  uses  bichloride  of  mercury  in  tt 
determination  of  carbon,  for  the  solution  of  tk 
iron,  which  is  converted  into  protochloride  of  iron. 
without  the  decomposition  of  water,  so  that  no  gas  i' 
given  off  capable  of  combining  with  the  carbon  as  it  i* 
liberated,  and  the  consequent  formation  of  voktil 
hydrocarbons  is  avoided.  The  iron,  finely  powdered  o: 
in  filings,  mixed  with  fifteen  times  its  weight  of  bi- 
chloride of  mercury  and  sufficient  water  to  form  a  thii 
paste,  is  triturated  in  an  agate  mortar  for  half  an  hour 
When  thoroughly  incorporated,  the  paste  is  transferred 
to  a  hard  glass  flask,  and  heated  to  80^  or  100^  for  an 
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hour,  when  it  is  thrown  on  a  filter  and  washed  with 
warm  water,  to  remove  the  soluble  protochloride  of 
iron.     The  residue  on  the  filter,  consisting  of  proto- 
chloride of  mercury,  with  carbon  and  the  other  insoluble 
matters  of  the  iron,  is  dried  in  a  water-bath,  transferred 
to  a  platinum  boat,  and  introduced  into  a  tube  commu- 
nicating witix  a  generator  or  gas-holder  supplying  a 
stream  of  dry  hydrogen.     The  tube  is  gradually  heated 
to  redness,  when  the  protochloride  of  mercury  is  vola- 
tilised without  decomposition,  leaving  the  carbon  in 
the  form  of  a  black  powder,  which  is  allowed  to  cool  in 
hydrogen,  and  then  weighed.  When  the  boat  is  slightly 
heated,  the  carbon  fires  in  the  air  and  bums  like  tinder ; 
if,  however,  graphite  is  present,  it  must  be  burnt  in 
a  current  of  oxygen.     The  siliceous  residue,  after  the 
combustion  of   the   carbon,  is  due  to   the  combined 
silicon  of  the  iron,  but  the  quantity  obtained  does  not 
represent  the  whole  amount,  because  the  first  action  of 
the  bichloride  of   mercury  is  to  produce  chloride  of 
silicon,  which  is  transformed  by  water  into  hydrochloric 
acid  and  silica,  and  the  latter  being  partly  in  the  soluble 
form,  passes  away  with  the  wash- water,  in  the  filtration. 
Graphite,  or  uncombined  carbon,  is  determined  in  the 
insoluble  residue  remaining  after  solution  in  hydro- 
chloric acid,  which  is  digested  with  a  strong  solution 
of  caustic  potash  to  remove  the  silica  produced  from  the 
oxidation  of  the  silicon.     The  black  residue,  after  the 
solution  of  the  silica,  is  repeatedly  washed  until  per- 
fectly free  from  alkali,  dried,  weighed,  and  calcined  at 
a  strong  red  heat  in  a  current  of  air  until  the  whole  of 
the  carbonaceous  matter  is  burnt  oflF.     The  weight  of 
the  small  amount  of  residue  is  then  determined,  and 
deducted  from  that  obtained  previously.    The  difference 
gives  the  quantity  of  graphite.     The  combined  carbon 

V 
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is  obtained  by  deducting  the  last  result  from  that  of 
the  total  amount  of  carbon  obtained  by  one  of  the  pre- 
ceding methods. 

Silicon  is  determined  by  weighings  the  insoluble 
residue  of  the  hydrochloric  acid  solution  after  it  has 
been  ignited  to  a  strong  red«heat  in  a  current  of  air  tc 
remove  the  whole  of  the  carbon.  This  residue  is  nearly 
all  silica,  but  its  purity  must  be  tested  by  dissolving  in 
caustic  potash.  The  insoluble  portion,  if  any,  is  col- 
lected, and  its  weight  is  deducted  from  that  obtained 
at  the  former  weighing. 

Determination  of  PhosphortM.  A  weig^hed  portion  of 
the  metal  is  digested  in  aqua  regia  evaporated  to  dry- 
ness, and  the  residue  redissolved  in  hydrochloric  acii 
The  solution  is  then  treated  in  precisely  the  same 
manner  as  has  already  been  described  ia  the  analyses 
of  iron  ores,  the  determination  being  made  as  pyro- 
phosphate of  magnesia. 

Sulphur  maybe  estimated  in  grey  pig  iron  by  collecting 
the  sulphuretted  hydrogen  gas  evolved  by  the  action  of 
hydrochloric  acid,  and  passing  it  through  a  solution  of 
acetate  of  lead.     The  precipitate,  sulphide  of  lead,  is 
collected,  washed,  and  converted  into  sulphate  by  digest- 
ing with  nitric  acid,  evaporation  to  dryness,  and  gentle 
ignition.   The  amount  of  sulphur  is  calculated  from  the 
weight  of  sulphate  of  lead  so  obtained :  it  contains  lO'So 
per  cent,  of  sulphur.     The  above  is  not  applicable  to 
white  iron,  owing  to  the  difficulty  of  acting  upon  it  with 
hydrochloric  acid ;  but  aqua  regia  may  be  used,  and 
the  sulphur  is  then  directly  converted  into  sulphuric 
acid,  and  may  be  precipitated  with  chloride  of  barium, 
and  weighed  as  sulphate  of  baryta  in  the  usual  way. 
Another  method  of  oxidising  the  sulphur  consists  in 
fusing  the    finely-divided  metal   with  nitre   and  car- 
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bonate  of  soda  in  a  gold  crucible ;  the  fused  mass  is 
extracted  with  water,  and  the  sulphuric  acid  existing 
in  the  solution  as  an  alkaline  sulphate  is  precipitated 
by  cUoride  of  barium  as  before. 

It  is  rarely  necessary  to  determine  the  amount  of  iron, 
except  in  the  case  of  a  complete  analysis,  for  the  pur- 
pose of  controlling  the  results.     It  may  be  most  conve 
niently  done  by  means  of  one  of  the  two  volumetric 
methods  doscribed  under  the  head  of  Assaying. 

Manganese  is  determined  in  the  manner  as  de- 
scribed in  the  analysis  of  ores.  Arsenic  and  copper 
are  precipitated  from  the  hydrochloric  acid  solution  by 
sulphuretted  hydrogen,  care  being  taken  to  reduce  the 
whole  of  the  iron  to  the  state  of  protochloride.  The  two 
sulphides  may  be  separated  by  digestion  in  sulphide  of 
potassium,  which  dissolves  the  sulphide  of  arsenic, 
leaving  the  sulphide  of  copper  imtouched. 

Nickel  and  cobalt,  if  present,  will  bo  found  in  the 
solution  obtained  after  the  removal  of  arsenic  and 
copper  by  sulphuretted  hydrogen.  The  iron  is  first 
converted  to  a  persalt,  and  is  then  separated  as  per- 
oxide by  a  slight  excess  of  carbonate  of  baryta ;  after 
which  nickel  and  cobalt  are  precipitated  by  sulphide  of 
ammonium. 

Chromium  and  vanadiiun  are  to  be  looked  for  in 
the  carbonaceous  residue  obtained  by  dissolving  a  con- 
siderable quantity  of  the  iron  in  weak  acid.  The 
ignited  residue  is  fused  with  nitre  at  a  gentle  heat  for 
an  hour,  and  when  cooled,  the  mass  is  powdered  and 
boUed  with  water.  Vanadate  and  chromate  of  potash 
pass  into  the  solution,  are  converted,  by  means  of  chlo- 
ride of  barium,  into  the  corresponding  baryta  solts, 
which  are  insoluble,  and  are  collected  upon  a  filter. 
The  chromate  and  vanadate  of  baryta  are  decomposed 
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with  sulphuric  acid,  whereby  chromic  and  yanadic 
are  set  free,  and  remain  as  such  in  the  filtrate  after 
separation  from  the  sulphate  of  baryta.     The  filtrate  is 
neutralised  with  ammonia,  concentrated  by  evaporation, 
and  a  fragment  of  chloride  of  ammoninm  is  placed  in  it 
In  proportion  as  the  solution  becomes  saturated  by  tlie 
latter  salt,  vanadate  of  ammonia  is  deposited  as  a  wbte 
or  yellowish  crystalline  powder,  which  may  be  collectfid 
and  subjected  to  farther  treatment  by  the  blowpipe  or 
otherwise,  in  order  to  verify  its  properties.  The  chromic 
acid  is  precipitated  from  the  solution   by  means  of 
acetate  of  lead  as  a  yellow  chromate  c^  lead. 

Eggertz's  methods  of  determining  small  quantities 
of  sulphur  and  phosphorus  may  be  conveniently  used 
for  estimating  these  substances  in  pig  irons  of  i^W 
quality,  such  as  those  produced  in  Sweden,  but  are  not 
appKcable  to  the  bulk  of  the  iron  produced  with  mineral 
fuel  from  the  ores  of  stratified  deposits. 

For    sulphur,   one-tenth   of  a   gramme    of  finely- 
divided  pig  iron  is  placed  in  a  stoppered  hottle,  witn 
1  gramme  of  water  and  half  a  gramme  of  sulpha® 
acid.     A  clean  bright  plate  of  silver  is  suspended  by  a 
wire  in  the  upper  part  of  the  bottle,  and  the  discolora- 
tion in  a  given  time  (about  fifteen  minutes)  is  propor- 
tional to  the  amount  of  sulphuretted  hydrogexi  evolved. 
As  this  is  very    small,  the  plate,  instead   of  boing 
blackened,  is  tarnished  with  thin  fihns,  presenting  the 
same  order  of  colour  as  those  observed  in  tempering 
steel  according  to  their  thickness,  varying  from  straw- 
yellow  to  bright  blue.     No  absolute  measure  of  qo^^" 
tity  is  obtained,  the  results  being  determined  by  coin- 
paring  the  colour  on  the  plate  with  a  standard  seri^ 
obtained  previously  by  experimenting   upon   samples 
whose  composition  has  been  determined  by  analysis. 
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Thus,  a  blue  coIoiLr  indicates  that  the  metal  will  yield 
a  sensibly  red*short  iron  when  converted  into  malleable 
iron  in  the  hearth  finery ;  but  if  the  plate  is  only 
browned,  the  sulphur  is  not  in  sufficient  quantity  to 
affect  the  quality  of  the  iron. 

In  the  determination  of  small  quantities  of  phos* 
phorus,  1  gramme  or  15  grains  6f  the  iron  or  steel 
to  be  examined  is  reduced  to  a  fine  powder,  and 
treated  with  strong  nitric  acid  at  the  heat  of  boiling 
-water.  When  the  metal  is  dissolved,  the  solution  is 
eTapot  ated  to  dryness,  the  residue  moistened  with  4 
cubic  centimetres  of  aqua  regia  made  of  equal  volumes 
of  hydrochloric  and  nitric  acids.  After  standing  for 
about  an  hour,  an  equal  volume  of  water  is  added,  and 
the  solution  filtered.  The  filtrate  and  wash-water 
should  not  exceed  20  cubic  centimetres. 

The  precipitation  of  the  phosphoric  acid  is  effected 
by  a  solution  of  molybdate  of  ammonia,  containing 
60  milligrammes  of  molybdic  acid  per  cubic  centi- 
metre. It  is  added  to  the  solution  of  the  iron  in  the 
proportion  of  2  cubic  centimetres  per  milligramme  of 
phosphorus  supposed  to  be  present,  and  digested,  with 
occasional  stirring,  at  about  40^  for  three  hours.  If 
no  precipitate  is  formed,  a  further  addition  of  molyb- 
date of  ammonia  is  made.  The  yellow  crystalline 
precipitate,  which  contains  1*63  per  cent,  of  phosphoric 
acid,  is  collected  in  a  filter,  washed  with  water  acidified 
with  nitric  acid,  and  weighed  after  drying  in  a  water 
bath.  If,  however,  the  quantity  is  very  small,  the 
determination  may  be  made  by  measuring  the  volume 
of  the  precipitate  in  a  narrow  glass  tube  with  a  scale 
made  especially  for  the  purpose. 

The  whole  of  the  necessary  materials  for  deter- 
mining sulphur  and  phosphorus  by  these  method 
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supplied  with  the  apparatos  made  in  Sweden  for  like 
assay  of  iron  ores  by  the  dry  way  in  the  small  cracables 
mentioned  previously. 

Eggertz's  method  of  determining  combined  caibon 
in  iron  or  steel  depends  upon  the  discoloration  pro- 
duced by  carbon  in  solution  of  pemitrate  of  iron, 
which,  under  ordinal^  circumstances^  is  colourless,  or  at 
most  of  a  slightly  greenish  tint.  The  standard  series 
of  colours  is  made  by  dissolying  quantities  weighing 
1  decigramme  of  steel  of  known  composition  m  mine 
acid  at  a  low  temperature,  and  diluting  with  water  to  a 
standard  volume.  The  solutions,  which,  give  differeat 
shades  of  brown,  are  preserved  in  glass  tubes. 

A  similar  weight  of  the  steel  to  be  examined  is  dis- 
solved  in  pure  nitric  acid  under  the  conditions  observed 
in  making  the  standard  series.  The  solution  is  de-  | 
canted  from  the  residue,  poured  into  a  burette  of  the 
same  diameter  as  the  tubes  contaiaing  the  stsDdm 
series,  and  diluted  with  water  until  it  matches  one  of 
the  tints.  The  amount  of  carbon  is  then  found  hf 
calculation  from  the  relative  volumes  of  the  solutions. 
Steel,  with  a  medium  amount  of  carbon,  say  O'Sp^ 
cent.,  gives  a  yellowish- green  solution ;  a  very  hw^ 
variety,  with  1*5  per  cent.,  brownish  red ;  and  the  softM 
with  0*40  per  cent.,  only  a  slight  greenish  tinge. 

The  Swedish  classification  of  Bessemer  steel  h/ 
nxmibers,  based  upon  the  percentage  of  carbon  deter- 
mined by  the  above  process,  is  as  follows : — 

No.  1  contains  2  per  cent.;  No.  1*5,  1-75;  No.  2, 
1'5 ;  and  so  on  up  to  No.  4*5,  with  only  0"26  per  cent/ 
below  which  point  the  scale  is  not  extended. 

The  following  determinations  of  carbon  in  various 
kinds  of  iron  and  steel  made  in  Sweden  aie  bj 
Eggertz : — 
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Softest  Swedish  BesBemer  iron  contams  0*08  per  cent.  o€  carbon. 


Soft  steel 

Beet  quality  of  cast  steel 

Natural  forge  steel . 

Coneut  steel   .        .        • 

Cast  steel 

Hardest  welding  cast  steel 

Malleable  cast  iron . 

Drew-plate  steel 


»  0-75  „  „ 

„  1-4    to  1-6  „  „ 

„  0*99     yy     2*44  pf  „ 

„  0-6    „  1-90  „ 

„  0-86  „  1-94  „  ,, 

»  1*80  „  „ 

„  0-88  „  1-52 

n  3 '30  ,,  „ 


n  » 


The  following  modification  of  this  process  is  adopted 
at  Seraing,  in  Belgium,  for  the  determination  of  carbon 
in  mild  Bessemer  steel.  Two  samples,  each  weighing 
0'2  grammes,  of  the  ingot  to  be  tested  are  taken ;  one 
being  in  the  state  of  filings,  and  the  other  of  borings. 
These  are  treated  with  20  cubic  centimetres  of  nitric 
acid,  of  specific  quartz  1*2  ;  the  solution  being  efiPedted 
in  a  water-bath  at  80®.  For  the  test-standard  the  same 
weight  of  two  different  samples,  of  the  hardest  steel 
made  in  the  works,  whose  carbon  has  been  already 
determined,  and  containing  0*61  and  0*63  per  cent, 
respectively,  are  dissolved  up  in  the  same  manner.  The 
whole  of  the  four  solutions  are  then  brought  down  to 
one  tint  by  adding  water  to  the  darker  ones,  care  being 
taken  to  conduct  the  operation  in  tubes  of  exactly  the 
same  diameter.  The  amount  of  carbon  can  then  be 
computed  from  the  volume  of  the  solutions.  If  the 
difference  in  the  results  given  by  the  two  samples  does 
not  exceed  0*03  per  cent.,  the  arithmetical  mean 
between  them  is  adopted  as  the  true  amount ;  but 
should  it  be  larger,  the  operation  is  repeated. 

In  order  to  obviate  the  necessity  of  making  standard 
solutions  for  every  set  of  determinations,  different 
coloured  legends  have  been  employed  with  a  view  of 
obtaining  a  permanent  scale  of  colours.  Among  these 
may  be  mentioned  caramel,  or  burnt  sugar,  which  gives 
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Tarious  BhadeB  of  yellow  and  brown,   but  altera  yery 
quickly ;  and  partially  decomposed  solution  of  indigo  in 
sulphuric  acid,  which  is  said  to  keep  its  characterisbs 
colour  without  alteration  for  a  considerable  time.    An- 
other recommended  by  Hetman  consists  of  a  mixtiiR 
of  bichromate  of  potash   and  nitrate    of  cobalt.    In 
most  cases,  however,  the  direct  system  of  companson 
with  solutions  obtained  from  steel  of  known  composi- 
tions is  to  be  preferred. 

Silicon.    The  determination  of  silicon  in  iron  and  steel 
is  a  matter  of  some  difficulty,  as  the   mere  weighing 
of  the  ignited  insoluble  residue  from  the  hydrochlone 
acid  solution   and  calculation  of  the  silica  found,  as 
silicon,  depends  upon  the  assumption  that  the  iron  is 
free  from  silicates,  which  is  often  contrary  to  the  fact, 
especially  in    malleable   iron,   which   may    contain  a 
notable  amount  of  intermingled  slag  that  has  not  been 
perfectly  expelled  in   the  welding,   and    exists  88  a 
mechanical  inpurity,  having  no  relation  whatever  to 
the  real  composition   of  the  metal.      This    defective 
interpretation  of  the  ultimate  analyses  is  probably  the 
cause  of  the  contradictory  statements  current  as  to 
the  amount  of  silicon  that  may  be  present  beneficially 
in  malleable  iron.     Eggertz  has  introduced  a  method 
of  determining  silicon  in  the  presence  of  slags,  which  ia 
based  upon  the  fact  that  when  iron  is  slowly  acted  vpon 
by  bromine,  a  solution  of  iodine,  it  dissolves,  and  the 
silicon  set  free  is  converted  into  silica,  which  is  cozz?- 
pletely  soluble  in  a  boiling  solution  of  carbonate  of 
soda,  while  that  in  combination  in  the  slag,  if  any  ^    { 
present,  is  not  acted  upon.     The  same  method  may  he 
employed  with  cast  iron,  as  blast  furnace  slag,  which 
sometimes  occurs  in  it  as  a  mechanical  impurity  is  Bot 
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sensibly  acted  upon  either  by  iodine,  bromine,  or  car- 
bonate of  soda. 

The  process  is  conducted  as  follows.     Three  grammes 
or    *45    grains    of    iron   in    the    state  of   filings    or 
borings,  sufficiently  small  to  pass  through  a  sieve  with 
meshes  ^  of  an  inch  indiameter,  is  treated  with  five 
times  its  weight  of  iodine,  in  a  volume  of  fifteen  cubic 
centimetres  of  water  contained  in  a  beaker  of  about  six 
or  seven  times  that  capacity.      Water  that  has  been 
boiled  to  free  it  from  air  is  used,  and  the  operation 
must  be  performed  at  as  low  a  temperature  as  possible, 
in  order  to  prevent  oxidation  of  the  iron  by  the  air,  it 
is  usual,  therefore,  to  keep  the  beaker  cool  by  the  use 
of  ice.     When  the  iron  is  completely  dissolved,  the 
solution  is  increased  to  three  times  the  original  volume 
by  the  addition  of  very  cold  water  in  order  to  prevent 
the  separation  of  basic  salts  of  iron,  and  is  well  stirred 
and    left  to  settle.     The  lighter  scales  of  graphitic 
carbon  remain  in  suspension,  and  are  poured  off  with 
the  bulk  of  the  liquid  into  a  filter  2  inches  in  diameter, 
with  only  about  one-tenth  of  the  original  quantity  of 
the  insoluble  residue  which  forms  a  heavy  powder  at 
the  bottom  of  the  beaker.     A  few  drops  of  hydrO' 
chloric    acid     are    added,    and    the    liquid     stirred 
with  a  glass  rod:    if  this  produces  a  disengagement 
of  gas  the  whole  of  the  iron  is  not  dissolved,  and  a 
little  iodine   and    carbonate    of    soda    is    added     in 
order  to  complete   the  solution.     The  acidified  water 
must  be  poured  quickly  on  the  filter  in  order  to  pre- 
vent the  decomposition  of  the  slag.     When  the  whole 
of  the  residue  is  transferred  to  the  filter  it  is  washed 
with  cold  water  until  the  whole  of  the  iron  is  found  to 
be  completely  removed  when  tested  by  a  solution  of 

ferrocyanide  of  potassium.     The  filtrate  is  evaporated 

u  3 
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to  dryness  with  the  addition  of  hydrochloric  acid  in 
order  to  recover  any  small  amount  of  silica  that  mav 
have  gone  into  solution  with  the  iron.  The  original  resi- 
due which  may  contain  graphite,  silica^  and  slag  is  trans- 
ferred without  drying  into  a  large  platinum  crucible, 
and  after  concentrating  the  wash-water  to  6  cubic 
centimeters,  a  saturated  solution  of  carbonate  of  soda  is 
added,  and  the  crucible  is  heated  for  one  hour  in  a 
water-bath,  the  liquid  being  stirred  from  time  to  time 
with  a  platinum  spatula  in  order  to  divide  any  lumps  ic 
the  insoluble  residue.     The  solution  is  then  carefully 

• 

poured  from  the  insoluble  mass  in  the  crucible  on  to  a 
small  filter,  and  a  fresh  quantity  of  carbonate  of  soda 
solution  is    added  and  boiled  for  another  hour,  when 
the  whole  contents  of  the  crucible  are  thrown  upon 
the  filter  and  washed.     The  alkaline  solution  of  silica 
is    acidified   with  hydrochloric    acid,   added    to   that 
containing  the  iron,  and  evaporated  to  dryness   in  a 
water-bath.      This    operation   is    repeated     with    the 
addition  of  fresh  acid  imtil  the  silica  is  perfectly  freed 
from  iron,   when  it  is    filtered,   dried,   ignited,    and 
weighed  as  often  as  may  be  necessary  to  ensure  its 
complete  purity,   which  must    be  further   tested    by 
heating  it  with  hydrochloric  acid.     When  3  grammes 
of  iron  are  treated,  0*016  granmies  of  silica  correspond 
to  0.001  gramme  of  silicon.     The  insoluble  residue  from 
the  carbonate  of  soda  solution  may  contain  graphite 
slag,  oxide  of  iron,  and  titanic  acid.     There  is  no  way 
of  distinguishing  the  amount  of  oxide  of  iron  present 
as  such,  in  addition  to  that  in  combination  with  silica, 
except  by  assuming  the  composition  of  the  slag  to  be 
constant,  which  is  not  the  case. 

Eggertz  found  by  the  use  of  this  process,  that  the 
amount  of  silicon  in  good  bar  iron  may  vary  from  001  to 
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O'lO  per  cent.;  but  in  two  samples  of  Krupp's  cast 
steel  it  was  as  high  as  0*30  per  cent.  Slag  has  been 
found  usually  in  mere  traces  in  cast  steel,  but  in  one 
instance  it  amounted  to  0*2  per  cent.  Malleable  iron, 
however,  contained  much  more.  In  wire  iron  from  a 
charcoal  hearth  0*33  per  cent,  was  found,  in  armour- 
plates  from  0*75  to  3*00  per  cent.,  and  in  a  rail  as  much 
as  from  4*00  to  5*00  per  cent. 

Mechanical  Properties  and  Testa  of  Malleable  Iron  and 

Steel.  The  appearance  of  the  fractured  surface  of 
malleable  iron  is  partly  dependent  upon  the  manner  in 
which  the  breaking  strain  is  appUed,  and  partly  upon 
the  nature  and  method  of  manufacture  of  the  sample. 
The  most  highly  crystalline  appearance  may  be  obtained 
by  sudden  fracture ;  but  when  the  strain  is  so  appKed  as 
to  overcome  the  cohesion  of  the  particles  gradually, 
the  elementary  crystals  are  drawn  out  to  a  certain 
extent  before  yielding  ;  and  the  result  is  a  finely- 
granular  fibrous  surface,  like  that  produced  by  the  cross 
section  of  a  bundle  of  wires  not  all  broken  through  at 
the  saiije  point. 

The  crystalline  structure  of  pure  melted,  or  any  other 
variety  of  malleable  iron,  may  be  modified  by  the  pro- 
cess of  lamination ;  the  crystals  giving  way  and  becoming 
elongated  by  the  action  of  the  rolling  mill,  fibre  being 
developed  in  the  direction  of  the  length  of  the  bar.  At 
each  successive  piling  the  grain  becomes  finer  and  more 
regular,  owing  to  the  breaking  down  and  rewelding  of 
the  fibres  in  the  bars  forming  the  pile.  Tresca  has 
properly  compared  the  effect  of  forge  rolling  to  that  of 
the  processes  of  carding  and  drawing  cotton,  as  far  as 
regards  the  sorting  of  the  fibres  into  parallelism.  The 
specific  gravity  of  malleable  iron  is  diminished  by  a 
powerful  tractive  force,  such  as  is  excitedin  wire-drawing 
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or  cold  rolling,  as  the  transverse  action  does  not  dmii- 
niah  in  proportion  to  the  elongation  ;  at  the  same  time, 
the  metal  is  hardened,  and  its  tenacity  is  considerably 
increased.  By  annealing,  the  softness  and  lower  ten- 
sile strength  may  be  restored.  The  following^  results, 
taken  from  Ejrkaldy's  experiments  on  i^ronght  iron 
and  steel,  show  the  relation  between  the  specific  grayitj 
and  tensile  strength  of  the  same  class  of  wrought  iron 
under  varying  conditions  of  mannfacture  and  treatment 
The  diminution  in  specific  gravity  in  bars  stretched  bj 
a  severe  tensile  strain  varied  from  0*7  to  1*2  per  cent. 
By  cold  rolling  the  diminution  amounted  to  0*7  peT 
cent,  for  bars,  and  0*36  per  cent,  for  plates. 


Msrk  or  Name. 
Ck>ran  paddled  1>ar 


» 

n 


Speoiflo  QtTtefity, 

.  7-460 

hammered  hax  .  .  7*764 
rolled  bar,  1^  inch  square  7 ' 720 
reduced  to  1^  inch  7*729 


91 


1 

i 
i 

Blochaim  best  rolled  bar   . 

cold  rolled, 
annealed    . 


$9 


it 
it 

ti 


t9 
H 


99 


it 


f» 


}l 


beet  boiler  plate 


7*722 
7*702 

7*686 
7*636 
7*682 

7*666 


If 


it 


coldroUed  7*639 
annealed      — 


Tensile  strength. 

20*9  tons  per  square  incL 

28-7 

26-6 

26-4 

26*6 

26-9 

26-6 

27*1 

30-6  to  30-6 

26*2  to  27*8 

20*6  lengthways 
19*2  croBSways 

39*7  lengthways 
36*0  orosBways 

22*7  lengthways 
21*7  orossways 


>f 


it 


99 


99 


99 


99 


tt 


M 


*» 


The  following  table  contains  the  relation  between 
the  specific  gravity  and  tensile  strength  of  Bessemer 
steel  of  various  degrees  of  carburisation  made  at  Sand- 
viken,  in  Sweden : — 
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Percentage  of 

Specific  gravity. 

Tensile  strength. 

Carbon. 

Soft.           Hardened. 

tons  per  square  inch. 

1-6 

7-786 

7-736 

34—39 

1-2 

7-832 

7-771 

87—40 

0-9 

7-874 

7-808 

66—69 

0-6 

7-879 

7-807 

37—41 

0*4 

7-893 

7-839 

30—34 

The  absolute  strength  appears  to  be  greatest  when  the 
steel  contains  from  1  to  1^  per  cent,  of  carbon. 

According   to   Eirkaldy's   experiments,  the  tensile 

strength  of  the  best  brands  of  British  bar  iron  varies 

from  24  to  27*5  tons  per  square  inch  :  bars  of  irregular 

section  bear  a  somewhat  smaller    strain,  or  from  20 

27*4  tons.      The  strength  of  plates  varies  from  20*4 

to  24'6  tons  lengthways,  or  in  the  direction  of  the 

greatest  longitudinal  extension  produced  by  rolling, 

and  from  18*5  to  22*6  tons  crossways.      The  specific 

gravity  varies  from  7*531  to  7*760,  being  greatest  in 

Yorkshire  iron,  which  is  made  almost  entirely  under 

the  hammer. 

The  relation  between  the  composition  of  malleable 
iron  and  its  tenacity  has  not  yet  been  completely 
worked  out.  The  elaborate  mechanical  experiments 
of  Kirkaldy  have,  unfortunately,  not  been  supplemented 
by  analyses  of  the  iron  tested.  The  following  table, 
containing  the  limits  of  elasticity  and  tensile  strength 
of  various  kinds  of  malleable  iron  and  steel,  is  taken 
from  a  large  series  of  determinations  made  in  Sweden 
for  the  Jemkontor,  by  Styffe : — 
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Qwlityof  Iron. 


Hdgbo  BoMomer  iteel,  rolled  bai 


WiVmaoshyttaUchatiaMteel  „ 
Carlsdal  Beaaemer  steel  .    . 

,9        UchatiuB    I,     .    . 
Hdgbo  Beaaemer      „     .    . 

,t  hiuninered 

Kmpp'a  caat  steel  „ 
HogDo  Beaaemer  iron  „ 
Low  Moor  rolled  tire  bur  . 
Lemof  OB  rolled  bar  made  in 
the  I^anoaahire  hearth 


} 


Peroentage 


Cartxm. 


2 

1 

I" 

1' 

1 

1 

0 

C 

0 

0 


16 
85 
22 
19 
16 
U 
68 
^2 
33 
21 


006 


Pho0pbania|       par 


"'I 
Elasticity  . 


0-018 

0020 

0068 
0022 


29-8tonii 

26-7 

33-8 

31-4 

33-2 

39-6 

31-8 

23-7 

24-1 

16-7 


ff 

99 
99 

99 


14*0 


99 


»» 


40-2  tiDS 
46-2   „ 
66-9   , 
64-8    ^ 
64-7    r' 
59-0    „1 
46-8 
39-5 
33-0 
27-3 


tr  I 


22-5 


I 


The  tensile  strength  alone  is  not  a  sufficient  measure 
of  the  quality  of  malleable  iron,  as  a  metal  of  great 
strength  may  be  deficient  in  softness,  and  incapable  of 
being  forged.  This  is  tested  by  hammering*  the  sample 
both  hot  and  cold,  when  it  should  bend  without  fracture 
to  a  certain  amount,  the  angle  varying  with  the  tem- 
perature and  thickness  of  the  metal.  The  resistance  of 
rails  to  percussive  strain  is  tested  in  the  following 
manner  : — The  rail  under  trial  is  placed  horizontally, 
and  keyed  fast  in  the  jaws  of  a  pair  of  chairs  about 
8  feet  apart,  attached  to  a  heavy  anvil.  A  heary 
weight  is  then  allowed  to  fall  from  a  considerable 
height,  so  as  to  strike  the  top  flange  midway  between 
the  points  of  support.  At  Sheffield,  steel  rails  are  sub- 
jected to  the  action  of  a  pile  ram  or  monkey  weighing 
20  cwt.,  which  is  allowed  to  fall  from  a  height  of  from 
20  to  30  feet.  The  quality  of  the  welding  may  be  best 
rendered  apparent  by  etching  a  polished  surface  with 
acid. 

The  following  are  the  tests  prescribed  by  the 
Admiralty  for  plate  iron  intended  for  use  in  the  navy, 
and  may  be  taken  as  indicating  the  average  strength  of 
iron  of  fair  quality : — 
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PLATB   IRON,  FIBST  CLA88,    OB  B.B. 

8B00HD  CLAfi8,OKB.| 

LengdiwayB. 

Groi8ws.yB. 

Itiig^tliwyB. 

Cn«BwayB. 

Tensile  sirength,  per  square  inch,  22  tons 

18  tons 

20  tons 

17  tons 

Forge  test,  hot.  All  plates  of  1] 

inch  iji  thickness  and  l>e> 

low  must   be   capable  of 

126« 

90* 

90*» 

60" 

bending  hot  without  frac- 

ture through  an  angle  of 

Forge  testy  cold.     Plates  shoul 

d 

admit  of  bending  cold  with 

- 

out  fracture  as  follows  : — 

1  in.  in  thickness  to  an  angle  o 

f      16 

5 

10 

— 

4                     yt                      i» 

25 

10 

20 

6 

7                      >f                         >i 

Z8 

16 

30 

10 

i                  it                    M 

70 

30 

66 

20 

1  1^  inch  and  under        „ 

90 

40 

76 

30 

Plates  should  be  tested,  both  hot  and  cold,  on  a  cast- 
iron  slab  haying  a  fair  surface,  with  an  edge  at  right 
angles,  the  comer  being  rounded  off  with  a  radius  of 
half  an  inch. 

The  portion  of  plate  tested  to  be  4  feet  in  length 
across  the  grain,  and  the  full  width  of  the  plate  with 
the  grain.  The  bend  should  be  made  at  fr(»n  3  to  6 
inches  from  the  edge. 

All  plates  to  be  free  from  lamination  and  injurious 
surface  defects. 

The  tests  to  be  applied  to  one  plate  of  each  lot  of 
fifty  of  the  same  thickness. 


STPPLEMENTAHY  NOTES. 
Clbtiuhd  Blast  Fitbnacbs. 


dimeni 

noai  and  capacity  in  the  order  of  their  t«apective  dates  :— 

INitfc]              NuneofFirnL              'FnniM«,jHei^t 

^^"^     "^ 

1 

No. 

feet. 

Feet. 

tset  '  Bolckow  ua  Vuighui; 

IgN     Bell  Brather*. 

wi 

le* 

*■'" 

Bo)ekow«idT>n^iMu 

'''S 

IBM 

Cochrane  «naCo. 

M* 

il' 

8,1110 

fcOW 

Bolckov  and  Vaagbu. 

r,iK 
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Note  to  page  92. 

For  the  following  analysis  of  "  purple  ote,"  I  am  indebted  to  Mr. 
.  A.  Phillips,  the  managing  director  of  the  Widnes  Metal  Company, 
i  is  obtained  from  the  residue  of  cnpriferons  iron  pyrites,  which  have 
Ben  treated  for  snlphnr  in  the  manufacture  of  sulphuric  acid,  calcined 
-itb.  an  addition  of  salt,  and  lixiviated  with  water,  in  order  to  save 
ne  copper,  which  is  removed  as  a  soluble  chloride,  and  is  precipitated 
3  cement  copper  by  running  the  solution  into  vats,  containing  scrap 
ron.  The  residue  of  these  operations  is  nearly  pure  peroxide  of  iron 
a  the  form  of  a  heavy  purplish-red  powder,  having  the  fiiUowing 
omposition : — 

Peroxide  of  iron 96*00 

Lead  (as  sulphate) 0  75 

Copper Oao 

Bulphdir 0*86 

Phosphorns None. 

Lime 0.40 

Soda 010 

Cobalt,  arsenic,  and  chlorine      .       .        .  Txaces. 

iBBoIuble  Tesidue 2*11 

99*92 

Metallic  Iron 6700 

The  results  are  computed  in  the  dry  state,  but,  as  ordinarily  sold, 
the  ore  contains  about  16  per  cent,  of  water.  It  is  principally  used  for 
fettling  puddling  furnaces,  but  is  also  smelted  to  some  extent)  being 
added  to  the  charge  in  the  blast  furnace  in  the  proportion  of  25  per 
cent,  of  the  amount  of  solid  ore. 

Composition  of  thb  Qasbs  of  the  Bbssehek  Cokvbbter. 

The  nature  of  the  gases  evolved  during  the  blowing  of  a  charge  of 
Bessemer  steel  has  recently  been  investigated  by  Mr.  G.  J.  Snelus,  who 
has  given  the  following  tabular  statement  of  the  composition  of  the 
gas  at  different  periods  of  a  blow  lasting  eighteen  minutes. 


I. 

II. 

ni. 

IV. 

V. 

VI. 

Time  from  starting 

2min. 

4min. 

6min. 

10  min. 

12  min. 

14  min. 

Carbonic  acid 

10-71 

8-57 

8-20 

3-68 

2-30 

1-34 

Carbonic  oxide 

none. 

8*96 

4-62 

19-59 

29-30 

31-11 

Oxygen 

0-92 

— 

— 

— 

— 

— 

Hydrogen 

}  88-37 

0-88 

2-00 

2-00 

216 

200 

Nitrogen 

86-58 

86-28 

74-88 

66-24 

65-55 

10000    100-00      100-00       100*00      100*00       100*00 


On  examining  these  results  it  is  found  that  the  oxygen  correspond- 
ing to  the  nitrogen  in  Analysis  I.  is  sufficient  to  oxidize  not  only  the 
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4*43  paits  by  weight  of  carbon  that  are  contained  in  the  gas,  hut  ak 
11*91  parts  of  silicon,  and  this  is  actually  the  propartioii.  in  whidi 
these  two  substances  are  eliminated  from  the   iron,  as  proved  bj 
analysis  of  samples  of  metal  taken  at  this  stag^e.     Analysis  HI.  showi 
that  5 '27  parts  of  carbon  are  burnt  along  with   11 '74    of  sQicon 
Analysis  IV.  of  gas  taken  after  the  commencement  of  the  boil,  abcm 
a  different  result ;  the  large  proportion  of  carbonic  oxide  accounts  (at 
the  increased  luminosity  of  Hie  flame,  and  the  removal  of  carbon  pro- 
ceeds in  the  ratio  of  9  6  parts  of  6*25  of  silicon.     No.  V.  was  sped&ily 
tested  for  hydrocarbons,  but  none  were  found.     No.  VI.  gives  thf 
proportion  of  13*45  of  carbon  oxidized  to  0*46  of  silicon,  thus  confirm- 
ing what  has  already  been  made  out  by  analyses  of  the  metal,  that  ihs 
last  traces  of  silicon  are  oxidized  very  slowly. 

Snelus  considers  that  the  j)roduction  of  carbonic  acid  during  the  fint 
part  of  the  blow,  and  carbonic  oxide  at  a  later  stage,  is  due  to  the 
increase  of  temperature  during  the  blow,  and  that  the  result  agrea 
with  those  of  the  experiments  of  J.  L.  Bell,  who  found  that  at  a  lov 
temperature  carbonic  acid,  in  contact  with  iron,  was  more  stable  than 
carbonic  oxide ;  but  that  at  a  high  temperature,  the  reverse  was  th« 
case.    He  also  considers  that  the  continuous  spectrum  produced  byths 
flame  at  the  commencement  of  the  blow  is  to  be  accounted  for  by  the 
fact  that  at  this  period  there  is  no  true  flame,  but  only  a  stream  of 
gases  containing  white  hot  solid  matter  in  suspension,  w^hile  at  the 
same  time  the  temperature  is  not  sufficiently  high  to  give  the  spectroin 
of  carbonic  acid.    Later  on  in  the  blow,  when  there  is  an  abundance  of 
carbonic  oxide  burning  at  the  mouth  of  the  converter,  the  temperatoR 
is  extremely  high,  and  consequently  a  carbon  spectrum  is  produced 
which  is  distinct  from  other  carbon  spectra  yet  seen,  because  the 
spectrum  of  carbonic  oxide  has  not  yet  been  observed  at  the  particular 
temperature  of  the  Bessemer  flame.    The  heating  power  of  the  gas  in 
the  latter  part  of  the  blow  is  fully  equal  to  that  of  the  blast  furnace, 
or  Siemens'  producer,  and  Snelus  computes  that  in  works  blowing 
1,000  tons  of  pig  iron  per  week,  an  amount  of  heat  is  wasted,  which 
supposing  it  could  be  utilised,  would  correspond  to  a  saving  of  26  tons 
of  coke  per  week. 
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Aluminous  fluxes,  analyses  of,  138. 
American  bloomary  process,  267. 
Ammonia,   production  of,  in  blast 

furnaces,  252. 
Analyses  of  blackband  ores,  86. 
Analyses  of  carboniferous   brown 

hematites,  71. 
Analyses  of  cast  iron,  257«  258. 
Analyses  of  clay  iron  ores,  84. 
Analyses  of  Cleveland  ores,  87. 
Analyses  of  iron  ores,  method  of, 

93. 
Analyses  of  magnetic  ores,  61,  62. 
Analyses  of  spathic  ores,  82. 
Anthracite  furnaces  of  South  Wales, 

232. 
Anthracite  furnaces  of  the  United 

States,  235. 
Antimony  and  iron,  alloys  dT,  61. 
Armour  plates,  methods  of  manu- 
facture of,  354. 
Arsenic  and  iron,  compounds  of,  34. 

Bar  iron,  details  of  manufacture, 
340. 

BaiTOw-in-Fumess,  Bessemer  con- 
veilers  at,  422. 

Barrow-in-Furness,  chai'ges  of  fur- 
naces at,  234. 

Barrow  hematite  ores,  analyses  of» 
69. 

Bears  of  blast  furnaces,  215. 

Belgium,  details  of  puddling  fur- 
naces in,  314. 

Belgium,  dressing  of  iron  ores  in, 
114. 


Belgium,  yield  of  blast  fdmaces  in, 

235. 
Berard's  process,  .427. 
Bergamask  finery  process,  292. 
Berthier's  method  of  assaying  iron 

ore,  94. 
Bessemer's  process,  401. 
Bessemer's  process,  Jordan  on  heat 

developed  in,  416. 
Bessemer    steel,    composition   and 

classification  of,  414. 
Blackband  ironstones,  analyses  of, 

86. 
Blackband,  method  of  roasting,  123. 
Blake's  reck  breaker,  120. 
Blast    furnaces,    temperature     of, 

251. 
Blast,  methods  of  determining  to- 

lume,  190. 
Blast  regulators,  174. 
Blowing  engine,  construction  and 

details  of,  166. 
Blowing  in  blast  fomaces,  methods 

of,  213. 
Blowing  out  blast  furnaces,  215. 
Bo^  and  lake  ores,  analyses  of,  79. 
Boiling  process  of  puddling,  298. 
Boussingault's    method    oi    deter- 
mining carbon,  432. 
Brendon  Hills,  spathic  ores  of,  82. 
Brescian  steel  process,  376. 
Brown  hematites,  analyses  of,  71» 

76. 
Bull-dog,  39. 

Galder  hot  blast  stove,  176. 
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CapAoity  and  prodndioii  of  blast 

nirnaces,  216. 
Carbon  and  iron,  compounds  of,  40. 
Carbon,  determination  o^  in  iron, 

429. 
Carbonate  of  protoxide  of  iron,  21. 
Carinthian  forge  steel  process,  375. 
Carinthian  gas  puddlmg  fiuiiace, 

314. 
Caron  on  carbon  in  iron,  42. 
Case-hardeningf  methods  of,  391. 
Cast  iron,  analyses  of,  257,  258. 
Cast  iron,  oonmiercial  classification 

of,  254. 
Cast  iron,  composition  of,  47. 
Cast  iron,  difference  between  grey 

and  white,  41. 
Cast  steel,  production  of,  393. 
Catalan  forge  process,  261. 
Cementation,  production   of  steel 

by,  45. 
Charging  barrows,  use  of,  203 
Chemical  changes  in  puddling,  310, 

382. 
Chlorine  and  iron,  compounds  of, 

37. 
Chromium,  alloy  of,  with  iron,  51. 
Clay  ironstone,  analyses  of,  84. 
Clay  ironstone,  roasting  in  clamps, 

122. 
Cleveland,  details  of  blast  furnaces 

in,  232. 
Cleveland,  iron  ores  o^  86. 
Cleveland  ironstone,  analyses  of,  87. 
Coal  measures,  clay  iron  ores  of,  82. 
Cobalt,  allo^  of^  with  iron,  51. 
Copper,  action  of,  on  iron,  49. 
Cowper's  method  of  cleansing  gpases 

from  dust,  254. 
Cowper's  stove,  182. 
Cup  and  cone,  200. 

Descent  of  charges  in  blast  fur- 
naces, time  of,  217. 

Desulphurising  ores  by  steam^  134. 

Dry  assay  of  iron  ore,  94. 

Dust  of  gas  flues,  composition  of, 
253. 


Eastwood's    mechanical    puddler, 
318. 


EggBrtz's  method  of  analyoBginL 

436. 
Eisenerz,  crusher  at,  119. 
EisenerZy  spathic  ores  o^  81 
Elba,  speculax  iron  of,  71, 230. 
Electrotype  iron,  Jacobi's  pi«e& 

14. 
ElIerhauBen's  process,  319. 

Ferric  acid,  27. 

I'ettling,  materials  used  for,  30S. 

Forest  of  I>ean,  brown  iron  oieB  i 

70. 
Forge,  small  cinder,  use  of,  138. 
Form  of  blast  furnaces,  203. 
Foundation  of  forge  hammers,  32:. 
Franche  Coznt^  ^nery  process,  2Si 

295 
Franklinite,  27,  54. 
Fremy  on  nitrogcen  in  steel,  46. 

Oas-coUectingf  apparatus  for  bltfi 

furnaces,  199. 
Gkis-heated  stoves,  182. 
Gas  producer,  Siemens',  254. 
Gas  puddling  furnace,  300. 
Gases  of  blast  furnace,  comjpoB&m 

of;  253. 
Gases  of  Bessemer  converter,  Sn^ 

lus  on,  449. 
Gellivara,  ma^^netic  iron  ores  oi,  61- 
Gjers's  calcining  kiln,  127. 
Gjers's  pneumatic  lift,  166. 
Gjers  on  Cleveland  blast  iiinuioes, 

448. 
Gold  and  iron,  alloy  of,  51. 
Graphitic  and  combined  carbon  a 

iron,  41. 
Graphitic  carbon,  determination  of) 

432.  ^ 

Gniner  on  Heaton's  process,  281. 
Gurlt's  method  of  making  wrought 

iron,  266.  ^ 

Hardening  and  tempering  steel,  424 
Harz,  weathering  of  ores  in,  116. 
Haswell's  hydraulic  hammer,  332. 
Hearth  of  blast  furnace,  construe* 

tion  of,  158. 
Heat,  consumption  of,  in  blast  fuf' 

nace  operations,  240. 
Heaton's  process,  279. 
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Helves,  varieties  of,  322. 

Hematite,  brown,  66. 

Hematite,  red,  54. 

Hematite,  red,  in  Lancashire  and 
Cumberland,  67,  234. 

Henderson's  process,  282. 

Hollow  fire,  South  Wales,  295.    ' 

Horseshoe  pipe  stove,  176. 

Hot  blast,  determination  of  tem- 
perature of,  251. 

Hot  blast  stoves  or  ovens,  176,  196. 

Hot  blast  twyers,  details  of,  197. 

Hydrates  of  oxides  of  iron,  20. 

Hydrates  of  peroxide  of  iron,  24. 

Ilmenite,  or  titanic  iron  ore,  56* 

Indian  methods  of  making  wrought 
iron,  267. 

Iron,  physical  and  chemical  pro- 
perties of,  13,  443. 

Iron  pyrites,  36. 

Karsten's  table  of  compounds  of 

iron  and  carbon,  41. 
Kilns,  roasting,  for  iron  ores,  125. 
Kirkless  Hall,  blast  furnace  at,  234. 

Lake  Superior  blast  furnaces, 
charges  and  yields  of,  226. 

Lancashire,  furnaces  smelting 
hematite,  234. 

Lancashire  hearth,  used  in  Sweden, 
292,  295. 

Lang's  treatment  of  cinders,  141. 

Langen's  gas  apparatus,  202. 

Lenz  on  electrotype  iron,  15. 

Lever  hammers,  varieties  of,  322. 

Lifts  for  blast  furnaces,  construc- 
tion of,  164. 

Lignite,  puddling  withj  in  Styria, 
315. 

Limestones,  analyses  of,  137. 

Low  Moor,  puddling  process  at,  313. 

Limdiu's  gas  furnace,  364. 

Magnetic  iron  ores,  analyses  of,  61, 

62. 
Magnetic  oxide  of  iron,  25,  53. 
Magnetic  pyrites,  36. 
Magnetism  of  iron,  16. 
Magnoferrite,  23,  27. 
Mimeable  cast  iron,  392. 


Marguerite's  method  of  wet  essay, 

101. 
Martial  reg^us,  51. 
Martite,  23. 
Mechanical  properties  of  iron  and 

steel,  443. 
Mechanical  puddling,  methods  of, 

317. 
Melting  points  of  metals,  192. 
Meteoric  iron,  nickel  in,  51. 
Minary  and  Soudry's  treatment  of 

cinders,  141. 
Mixture  and  descent  of  charges  in 

blast  furnaces,  209. 
Miisen,  spathic  ores  of,  82. 
Mushet's  cast  steel  process,  399. 

Nassau,  red  iron  ores  of,  72. 
Natural  or  forge  steel  processes,  372. 
Nitrogen  and  iron,  28. 

Obuchow's  cast  steel  process,  371. 
Open-topped  furnaces,  methods  of 

collecting  gas  &om,  199. 
Oxides  of  iron,  19. 

Parry's  method  of  puddling,  320. 
Parry's  method  of  refining,  278. 
Passivity  of  iron,  17. 
Peat,  puddling  with,  in  Styria,  315. 
Penny's  method  of  wet  assay,  101. 
Phosphate  of  iron  vivianite,  32. 
Phosphides    of    iron,    Percy    and 

Freese  on,  30. 
Phosphorus,  action  of,  on  iron,  33. 
Phosphorus  in  iron,  determination 

of,  434. 
Phosphorus  in  iron  ores,  33. 
Phosphorus,  removal  of,  in  pud" 

dling,  311. 
Piles  for  merchant  iron,  details  of, 

347. 
PisoUtic  ores  dressed  by  jigging, 

114. 
Pistol  pipe. stove,  178. 
Plate  and  sheet  iron,  manufacture 

of,  351. 
Platinum  and  steel  alloy,  52. 
Plattner's  fluxes  for  iron  assaying, 

97. 
Pneumatic  lift,  166. 
Position  of  hot  blast  stoves,  196. 
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Pouillet'B  pyrometric  method,  193 

Prearare  gauges,  189. 

Price   and  Nicholson's   cast  steel 

process,  372. 
Protosniphide  of  iron,  35. 
Protoxide  of  iron,  19. 
Puddled  iron,  qualities  of,  309. 
Puddling  furnace,  construction  of^ 

298. 
Puddling,  methods  of^  304. 
Pure  iron,  Matthiesen*s  method  of 

producing,  14. 
Purple  ore,  analyses  of,  449. 
Pyrometers  for  hot  blast,  192. 
Pyrometric  alloys,  melting  points 

of,  192. 

Rachette'a  blast  furnace,  208. 
Rail  rolUng  mill,  338. 
Rails,  details  of  manufacture,  350. 
Ramsbottom*s  duplex  hammer,  329. 
Red  iron  ores,  analyses  of,  68. 
Refinery,  details  of,  272. 
Reheating  furnace,  details  of,  345. 
Rolling  mills,  details  of,  333. 
Rouge,  methods  of  production  of,  22. 
Round  and  oval  ovens,  178. 

Scale  oxide,  20. 

Schafhautrs  powder  used  in  pud- 
dling, 312. 
Scotland,  blackband  iron  ores  of,  85. 
Scotland,  working  details  of  blast 

furnace  in,  233. 
Secondary  formations,  brown  iron 

ores  of,  75. 
Secondary  ores  of  England,  Judd 

on,  88. 
Sections  of  blast  famaces,  218. 
Shears,  cropping,  varieties  o^  343. 
Sherman's  process,  284. 
Siderite,  57* 
Siegen  blast  furnaces,  charges  and 

yields  of;  222. 
Siegen  forge  steel  process,  376. 
Siegen,  kilns  used  in,  129. 
Siemens'  cast  steel  furnace,  398. 
.^^iemens'  gas  producer  and  furnaces, 

^69. 
Siemens'  imx>meters,  194. 
Siemens'   nimace,   Krans  on  the, 

866. 


Siemens-Martin  process,  424. 
Silesian  gas  refinery,  277.  1 

Silicate  of  protoxide  of  ironi  ^' 
Silicates,  fusibility  of,  143. 
Silicon,  elimination  of,  in  Besec:: 

process,  419. 
Sificon,  Eggertz's  method  of  deVT 

minings,  440. 
Silicon  and  iron,  compounds  of,  >- 
Silver  and  iron,  51. 
Slags,  blast  furnace,  composticc .' 

144. 
Slags,  blast  furnace,  physical  cL- 

racter  of,  147. 
Slags  of  blast  furnace,  methwi : 

removing",  160. 
Slags  of  puddling  furnaces,  oompfr 

sitionof,  309,  311,  384. 
Slags  of  the  Bessemer  process,  a* 

position  of,  415. 
Slide  blowing  engines,  168. 
Snelus  on  graphite  and  siliccuii 

cast  iron,  48. 
Snelus  on  Heat  on 's  process,  28'2. 
Snelus  on  the    Bessemer  proce* 

419. 
South  Staffordshire  blast  famace. 

charges  and  yields  of,  229. 
South  Staffordshire,  consumptJoE' 

iron  ores  in,  228.  , 

South  Wales,  calcining  kibs  ns?* 

in,  126.  ,       . 

Soul^  Wales,  charges  and  yidds^ 

blast  furnaces  in,  231. 
South  Wales,  finery  process,  293. 
Spathic  iron  ore,  analyses  of,  *'*• 
Specific  gravities  of  iron  and  steel 

415,  428. 
Spectroscope,  use  of,  in  Bessemf 

process,  420. 
Specular  iron  ore,  volcanic,  22. 
Specular  schist  of  Lake  Supf^^' 

226. 
Speiss,  or  arsenides  of  iron,  34.   , 
Spiegeleisen,  views  on  its  compos- 

tion,  42. 
Spiegeleisen,     production    of,   ^' 

Siegen,  222. 
Spiegeleisen,     production    of,  ^ 

Newark,  N.  J.,  237. 
Spiral  stove,  179. 
Squeezers,  varieties  o^  331. 
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Stacks,  blast  furnace,  construction 

of,  164. 
Steam  hammers,  varieties  of,  325. 
Steel,  methods  of  producing,  369. 
Steel  puddling,  method  of,  377. 
Stolberg^,  dressing  of  iron  ores  at, 

113. 
Stoppage  of  blast  furnaces,  215. 
Strength  of  cast  iron  and  steel,  443. 
Styria,  Spathic  iron  ores  of,  82. 
Styrian  blast  furnaces,  charges  and 

yields  of,  220. 
Styrian  forge  steel  process,  373. 
Styrian  kiln  for  pyritic  ores,  13?. 
Sulphate  of  protoxide  of  iron,  37. 
Sulphur,  action  of,  on  cast  iron,  45. 
Sulphur  and  iron,  compounds  of,  35. 
Sulphur,*determination  of,  in  iron 

ores,  434. 
Surface  of  heating  stoves,  189. 
Swedish  blast  furnaces,  charges  and 

yields  of;  224. 
Swedish  finery  process,  295. 
Swedish  gas  kiln,  130. 
Swedish  method  of  assay,  98. 
Swedish  method  of  charging  blast 

furnaces,  212. 
Swedish  method  of  collecting  gases, 

109. 

Tapping  operation  of  blast  fur- 
naces, 213. 

Tests  for  wrought  iron,  446. 

Thomas  and  Laurent's  stove,  181. 

Tilt  hammer,  Swedish,  for  crushing, 
119. 

Tin  and  iron,  alloys  of,  50. 


Titaniferous  iron  sands,  72. 
Titanium,  action  of,  on  iron,  53. 
Traversella,  magnetic  ores  of,  63. 
Tungsten,  action  of,  on  iron  and 

steel,  52. 
Twyers,  arrangement  of,  196. 

Uchatius'  cast  steel  process,  371. 
Universal  rolling  mill.  339. 
XJnlined  crucibles,  assay  in,  97. 

Valves  for  blast  engines,  foima  of, 

167. 
Vanadimn  and  iron,  52. 

Walloon  finery  process,  296. 

Wasseralfingen  stove,  180. 

Waste  gases  of  blast  furnaces,  com- 
position of,  249. 

Waste  heat  of  mill  furnaces,  utili- 
sation of,  356. 

Water  balance  lift,  165. 

Water  twyer,  198. 

Water  tvmp,  159. 

Weardale,  spathic  ores  of,  82. 

Weisbach's  formula  for  calculating 
hot  blast,  190. 

Westphalia,  roasting  pyritic  ores 
in,  123. 

Whitwell's  stove,  184. 

Wootz,  method  of  making,  372. 

Yields  of  puddled  iron,  312. 

Zinc,  action  of,  on  iron,  49. 
Zinc  oxide  deposited  in  blast  fur- 
naces, 253 
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AQRICULTURE. 

66.  CLkY  LAUDS  AND  LOAUT  SOUS,  bj  J.  DonaJdwDii.    1<. 

140.  SOILS,  MAHURES,  ABD  CEOPS,  bj  R.  Scott  Burn.     2i. 

141.  FAEMINQ,  AHD  FARMINa  ECONOMY,  Hiatorieal  uid 

Praoticol,  by  K.  Scott  Bam.    3». 

142.  CATTLE,  SHSEP,ANDHOESES,  by  E.SoottBurn.   2..6(I. 

145.  MANAGEMENT   OP  THE   DAIRY— PIGS— POULTET, 

by  B.  Scott  Bora.  With  Notea  on  the  DiKsiaa  of  Stock.   2). 

146.  DTILISATION   OF  TOWN  SEWAGE— lEEIGATIOH— 

RECLAMATION  OP  WASTE  LAND,  by  R.  Scott  Bum. 
2s.  td. 

^ci.  IIO.  141, 112,  MG,  mxi  1(6  Aiwiif  in  3  wfi.,  cigUIvard.',  111. 
CULTURE  OF  FRUIT  TREES,  by  Da  Breuil.    191  Wood- 
euti.  \Juit  ready. 
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ARCHITECTURE  AND   BUILDING. 

16.  ABCHITECTURE,  Orders  of^  by  W.  H.  Leeds.    1«.  W  ^^} 

17. Styles  of,  by  T.  Talbot  Bury.  1*.  ^l^ta 

18.  Principles  of  Design,  by  E.  L.  Qarbott  2i. 

JNoa,  16, 17,  and  18  m  I  vol,  doth  boards^  fis.  6dL 

22.  BUILDING,  the  Art  of,  by  E.  Dobson.    U,  ed. 

23.  BRICK  AND  TILE  MAKING,  by  E.  Dobson.    3*. 

25.  MASONRY  AND  STONE-CUTTINa,-ty  B.  Dobson.  Ke» 
Edition,  with  Appendix  on  tlie  Preeerration  of  Stone.  2f.6c. 

3a  DRAINAGE  AND  SEWAGE  OP   TOWNS  AND  BUILD- 
INGS, by  G.  D.  Dempsey.    2». 
With  Ao.  29  {See  page  4),  Drainage  of  Ditfricts  and  Lands,  2s. 

35.  BLASTING  AND  QUARRYING  OF  STONE,  &c.,  byFicH 

Marshal  Sir  J.  F.  Burgoyne.     la,  6d, 

36.  DICTIONARY  OF  TECHNICAL  TEEMS  used  ^  Awiite^ 

Builders,  En^neers,  Snfveyors,  Ac.     New  Edition,  rerififf 
and  enlarged  by  Robert  Hunt,  RG.S.  [In  preparatm. 

42.  COTTAGE  BUILDING,  by  0.  B.  Allen.     U. 

44.  FOUNDATIONS  &  CONCRETE  WORKS,  by  Dobson.  U^- 

45.  LIMES,  CEMENTS,  MORTARS,  &o.,  by  BurnelL    U  ^' 
57.  WARMING  AND  VENTILATION,  by  C.  Tomlinson,  FJIS.  &. 
83**.  DOOR  LOCKS  AND  IRON  SAFES,  by  Tomlinson.   2s.  ^ 
111.  ARCHES,  PIERS,  AND  BUTTRESSES,  by  W.  Bland.  U6i 
116.  ACOUSTICS  OF  PUBLIC  BUILDINGS,  by  T.B.  Smith.  U&i. 

123.  CARPENTRY  AND  JOINERY,  founded   on  Robison  and 

Tredgold.     1«.  M, 
123*.  ILLUSTRATIVE  PLATES  to  ttie  preceding.    4to.    4<.W. 

124.  ROOFS    FOR    PUBLIC    AND    PRIVATE    BVWD^^ 

founded  on  Robison,  Priee,  and  Tredgold.     Is,  6d. 
124*.  PLATES  OF  RECENT  IRON  ROOFS.   4to.  [Iteprinili^' 

127.  ARCHITECTURAL    MODELLING  IN  PAPER,  Practiol 

Instructions,  by  T.  A.  Richardson,  Architect.     Is,  6d. 

128.  VITRUVIUS'S  ARCHITECTURE,  by  J.  Gwilt,  Plates.    ^'^ 

130.  GRECIAN   ARCHITECTURE,  Principles  of  Beauty  in,  ^ 

the  Earl  of  Aberdeen.     Is, 

Nos.  138  and  ISO  in  1  tfoL  doth  hoards^  It. 
132.  ERECTION  OP  DWELLING-HOUSES,  with  Specifiostion^ 

Quantities  of  Materials,  &o.,  by  S.  H.  Brooks,  27  Plates.  ^sM 
150.  QUANTITIES  AND  MEASUREMENTS,  by  Beaton.  U  ^^ 
176.  BUILDERS'    AND   CONTRACTORS'   PRICE-BOOK,  by 

G.  R.  Burnell.     Ss.  6d.  [Now  n 
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ARITHMETIC  AND   MATHEMATICS. 

32.  MATHEMATICAL  INSTBUMENTS,  THEIB  CONSTRUC- 
TION, USE,  &c.,  b^  J.  F.  Heather.  Origuud  Edition  in 
1  Yol.     1*.  6d. 

•^*  In  ordering  the  above,  be  careful  to  say  *^  Oriffinal  Edition  "  to 
distinguish  it  from  the  Enlarged  Edition  in  3  vole.^  advertised 
on  page  4  as  now  ready, 

60.  LAND  AND  ENGINEERING  SURVEYING,  by  T.  Baker.  2*. 

61*.  READY  RECKONER  for  the  Admeasurement  and  Valuation 
of  Land,  by  A.  Arman.     Is,  6d. 

76.  GISOMETRY,  DESCRIPTIVE,  with  a  Theory  of  Shadows  and 
Perspective,  and  a  Description  of  the  Principles  and  Practice 
of  Isometrical  Projection,  by  J.  F.  Heather.    28, 

83.  COMMERCIAL  BOOK-KEEPING,  by  James  Haddon.    Is, 

84.  ARITHMETIC,  with  numerous  Examples,  by  J.  R.  Young.  Is.  ^. 
84*.  KEY  TO  THE  ABOVE,  by  J.  R.  Young.     Is.  Qd. 

85.  EQUATIONAL    ARITHMETIC:    including  Tables  for  the 

Calculation  of  Simple  Interest,  with  Logaritnms  for  Compound 
Interest,  and  Annuities,  by  W.  Hipsley.     Is, 

86*.  SUPPLEMENT  TO  THE  ABO\'E,  1*. 

85  and  85*  in  I  vol.^  2s, 

86.  ALGEBRA,  by  J.  Haddon.     2s. 

86*.  KEY  AND  COMPANION  to  the  above,  by  J.  R.Yoimg.  l8,^d, 
88.  THE  ELEMENTS  OF  EUCLID,  with  Additional  Propositions, 
and  Essay  on  Logic,  by  H.  Law.   2», 

90.  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS,  by 

J.  Hann.    Entirely  New  Edition,  improred  and  re- written 
by  J.  R.  Young.    2*.  \Now  ready, 

91.  PLANE  TRIGONOMETRY,  by  J.  Hann.   1*. 

92.  SPHERICAL  TRIGONOMETRY,  by  J.  Hann.     li. 

Nos,  91  and  92  in  1  vo/.,  2s, 

93.  MENSURATION,  by  T.  Baker.     \s,  6^. 

94.  MATHEMATICAL  TABLES,  LOGARITHMS,  with  Tables  of 

Natural  Sines,  Cosines,  and  Tangents,  by  H.  Law,  C.E.   2s,  6(2. 

101.  DIFFERENTIAL  CALCULUS,  by  W.  S.  B.  Woolhouse.     Is. 
101*.  WEIGHTS,    MEASURES,    AND    MONEYS     OF     ALL 

NATIONS ;  with  the  Principles  which  determine  the  Rate  of 
Exchange,  by  W.  S.  B.  Woolhouse.     Is,  6rf. 

102.  INTEGRAL  CALCULUS,  RUDIMENTS,  by  H.  Cox,  B.A.  Is, 

103.  INTEGRAL  CALCULUS,  Examples  on,  by  J.  Hann.     U. 

104.  DIFFERENTIAL  CALCULUS,  Examples,  by  J.  Haddon.    \s, 

105.  ALGEBRA,  GEOMETRY,  and  TRIGONOMETRY,  in  Easy 

Mnemonical  Lessons,  by  the  Rev.  T.  P.  Kirkman.     \f,  (»rf. 
117.  SUBTERRANEOUS     SURVEYING,    AND     THE     MAG- 
NETIC  VARIATION  OF  THE  NEEDLE,  by  T.  Fenwick, 
with  Additions  by  T.  Baker.    2s,  Qd, 

7,  STATIONERS'  HALL  COURT,  LUDGATE   HILL. 
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131.  ABADT-RECKONEB  FOR  MILLERS,  FARMESS.  iM> 
MERCHANTS,  showing  the  Value  of  any  Qoantity  of  Cor. 
with  the  Approximate  Vuuee  of  Mill-stones  &,  Mill  Woik.  h- 

138.  RUDIMENTARY  ARITHMETIC,  bj  J.  Haddon,  edited  V 

A.  Arman.     1«.  6<{. 
137.  KEY  TO  THE  ABOVE,  by  A.  Arman.     1*.  M. 
147.  STEPPINa  STONE  TO  ARITHMETIC,  by  A.  AmuuL   !• 
14a  KEY  TO  THE  ABOVE,  by  A.  Annan.     U. 

168.  THE  SLIDE   RULE,  AND  HOW   TO    USB   IT.     \ri 
Slide  Rule  in  a  pocket  of  ooror.    3«. 

168.  DRAWING  AND    MEASURING    INSTRUMENTS.   Ir 

eluding— Instruments  employed  in  Q«)nietrical  and  MecLa- 
nical  Drawing,  the  Construction,  Copying,  and  Measuremen' 
of  Maps,  Phms,  &c.,  by  J.  F.  Heatueb,  M.A.     1*.  6</. 

[Now  n '  \ 

169.  OPTICAL    INSTRUMENTS,    more    especially    Telesoopft 

Microscopes,  and  Apparatus  for  producing  copies  of  3bv 
and  Plans  by  Photography,  by  J.  F.  Heatuhr,  M.A.    h. »' 

[ybtp  ««^? 

170.  SURVEYING  AND  ASTRONOMICAL  INSTRUMEXTS^ 

Including — Instruments  Used  for  Determining  the  Geom^ 
trioal  Features  of  a  portion  of  Ground,  and  in  Astronomies 
Observations,  by  J.  F.  Heather,  M.A,  1*.  6d.  [Now  jwc"; 
•  ^  ♦  The  above  three  volumes  form  an  enlargement  of  the  Author  ^ 
original  work,  "  Mathematical  Instruments,**  the  Tenth  Editi^ 
of  which  (No,  32)  is  still  on  sale,  price  Is.  6d. 

•^*  New  Volumes  in  preparation  : — 
PRACTICAL  PLANE  GEOMETRY :    Giving  the  Simpler 
Modes  of  Constructing  Figures  contained  in  one  Plane,  br 
J.  F.  Heather,  M.A. 

PROJECTION,  Orthographic,  Topographic,  and  Perspectiw 
giving  the  various  modes  of  Delineating  Solid  Forms  by  Coc- 
struotions  on  a  Single  Plane  Surface,  by  J.  F.  Hkather,  US 

*»•   The  above  two  volumes^  with  the  Author's  work  already  « 
the  Series,  "  Descriptive  Oeometry,**  will  form  a  complete  Elt- 
mentary  Course  of  Mathematical  Drawing, 


CIVIL  ENQINEERINQ. 

13.  CIVIL  ENGINEERING,  by  H.  Law^and  G.  R.  BurneU.    Fifth 
Edition,  with  Additions,    bs, 

29.  DRAINAGE  OF  DISTRICTS  AND  LANDS,  by  G.D.DempseT 
\s.  Qd. 

With  No.  80  (&«  page  2),  Drainage  and  Sewaye  of  Towns,  3s. 
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31.  WELL-SINKINa,  BOEING,  AND  PUMP  WOBE,  by  J.  G. 

Swindell,  revised  bj  G.  B.  BurndL     1«. 

43.  TUBULAB  AND  IBON  GIBDEE  BBIDGES,  indnding  the 
Britannia  and  Conwaj  Bridges,  bj  G.  D.  Dempaey.     Is.  6d. 

4G.  BOAD-MAEING    AND    MAINTENANCE    OF  MACADA- 
MISED BO  ADS,  by  Field-Marshal  Sir  J.  F.Borgoyna.  U.Qd 

47.  LIGHTHOUSES,  Hieir  ConstTUCtion  and  Hlnminatioii,  by  AJaa 
Stevenson.  Ss, 

02.  BAILWAY  CONSTBUCTION,  by  Sir  M.  StepbeoMm.    With 
Additions  by  E.  Nugent,  C.E.    2s.  6d. 

02«.  BAILWAY  CAPITAL  AND  DIVIDENDS,  widi  Statistics  of 
Working,  by  E.  D.  Chattaway.    Is. 

No.  62  and  62*  tn  1  cW.,  3c  &<. 

80*.  EMBANKING  LANDS  FBOM  THE  SEA,  by  J.  Wiggins.  2#. 
82»*.  GAS  WOBKS,  and  the  PBACTICE  of  MANUFACXUKING 

and  DISTBIBUTING  COAL  GAS,  by  S.  Huglies.    3*. 
82*»*.  WATEB-WOEKS  FOB  THE  SUPPLY  OF  CITIES  AND 

TOWNS,  by  S.  Hughes,  C.E.   3*. 
118.  CIVIL  ENGINEEBING  -OF  NOETH  AMEBICA,  by  D. 

Stevenson.    3*.  

120.  HYDBAULIO  ENGINEEBING,  by  G.  B.  BurnelL    3». 

121.  BIVEES  AND  TOBBENTS,  with  the  Method  ot  Begidating 

their  Course  and  Channels,  Navigable  Canals,  &c.,  from  the 
Italian  of  Paul  Frisi.    25.  6<2. 


EMIGRATION. 

154.  GENEBAL  HINTS  TO  EMIGBANTS.    2«. 

157   EMIGRANT'S  GUIDE  TO  NATAL,  by  B.  J.  Mann,  M.D.  2s. 

150.  EMIGBANrS  GUIDE  TO  NEW  SOUTH  WALES, 
WESTEEN  AUSTEALIA,  SOUTH  AUSTEALIA,  VIO- 
TOBIA,  AND  QUEENSLAND,  by  James  Baird,B.A.  2*.  ^d. 

IGO.  EMIGBANT'S  GUIDE  TO  TASMANIA  AND  NEW  ZEA- 
LAND, by  James  Baird,  B.A.    26.  yR^ady. 


FINE    ARTS. 

2G.  PEESPECnVE,  by  George  Pyne.    2^. 

21.  PAINTING ;    or,  A  GEAMMAE  OF  CCLCUBING,  by  G. 
Field.    2s. 

40.  GLASS  STAINING,  by  Dr.  M.  A.  Gessert,  with  an  Appendix 

on  the  Art  of  Enamel  Painting,  &c.     Is. 

41.  PAINTING  ON  GLASS,  from  the  German  of  Fromberg.     \s. 
60.  MUSIC,  Treatise  on,  by  C.  C.  Spencer.    2s. 

71.  THE  AET  OF  PLAYING  THE  PIANOFOETE,  by  C.  C. 
Spencer.    Is, 

7,  STATI0NEH5'  HALL  COURT.  LUDGATE   HILL. 


WORKS  IN  MECHANICS,  EIC. 


LEGAL    TREATISES. 

60.  LAW  OP  CONTRACTS  FOE  WORKS  AND  SESVICES, 
by  David  Gibbons.     1*.  6rf. 

107.  THE  COUNTY  COURT  GUIDE,  by  a  Barrister,    li.  W. 

108.  METROPOLIS  LOCAL  MANAGEMENT  ACTS.     U.  W. 
108*.  METROPOLIS  LOCAL  MANAGEMENT  AMMDMEM 

ACT,  1862;  with  Notes  and  Index.     Is. 

Ifos,  108  and  108»  in  1  »o/.,  2s.  6d.  

109.  NUISANCES  REMOVAL  AND  DISEASES  PREVENTIO 

AMENDMENT  ACT.     U. 

110.  RECENT   LEGISLATIVE    ACTS  applying  to  Contnctori, 

Merchants,  and  Tradesmen.     1«. 
151.  THE  LAW  OF  FRIENDLY,  PROVIDENT,  BUELDnG, 

AND  LOAN  SOCIETIES,  by  N.  White.     I*. 
163.  THE  LAW  OF  PATENTS  FOR  INVENTIONS,  by  F.  ^ 

Campin,  Barrister.    2«. 


MECHANICS  &  MECHANICAL  ENGINEERING. 

6.  MECHANICS,  by  Charles  Tomlinson.     Is.  Gd.  ,. 

12.  PNEUMATICS,  by  Charles  TomUnson.     New  Edition.   I«  W. 

33.  CRANES   AND    MACHINERY    FOR    RAISING   HEAVi 

BODIES,  the  Art  of  Constructing,  by  J.  Glynn.     1«. 

34.  STEAM  ENGINE,  by  Dr.  Lardner.     U. 

69.  STEAM  BOILERS,  their  Construction  and  Management,  by 

R.  Armstrong.     With  Additions  by  R.  Mallet.     Is.  ^' 
63.  AGRICULTURAL  ENGINEERING,  BUILDINGS,  MOTm 
POWERS,    FIELD    MACHINES,   MACHINERY  ^^ 
IMPLEMENTS,  by  G.  H.  Andrews,  C.E.     3s. 
67.  CLOCKS,  WATCHES,  AND  BELLS,  by  E.  B.  Denison.  >cf 
Edition,  with  Appendix.    3^.  Qd. 

Appendix  {to  the  ith  and  5th  Editions)  separately^  Is. 
77*.  ECONOMY  OF  FUEL,  by  T.  S.  Prideaux.     Is,  6d. 
78.  STEAM  AND  LOCOMOTION,  by  Sewell.   *         [Bepmtvf 
78*.  THE  LOCOMOTrVB  ENGINE,  by  G.  D.  Dempsey.    I'W- 
79*.  ILLUSTRATIONS  TO  ABOVE.   4to.   4s.  Qd.      [Beprintinc^ 
80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  AND  W 
,      SCREW,  by  Robert  Murray,  C.E.,  Engineer  Surveyor  to  tw 
Board  of  Trade.    With  a  Glossary  of  Technical  Terms,  m 
their  equivalents  in  French,  German,  and  Spanish.    3«. 
82.  WATER  POWER,  as  applied  to  Mills,  Ac.,  by  J.  Glynn.   2i. 

97.  STATICS  AND  DYNAMICS,  by  T.Baker.  New  Edition.  U-^: 

98.  MECHANISM   AND  MACHINE  TOOLS,  by  T.  Baker;  »^ 

TOOLS  AND  MACHINERY,  by  J.  Nasmyth.    2s.  ^' 
113*.  MEMOIR  ON  SWORDS,  by  Marey.  translated  by  MaxweU.  I' 
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114.  MACHINERY,  Construction  and  Working,  by  CD.  Abel.  U.ijd; 

115.  PLATES  TO  THE  ABOVE.     4to.     7*.  6rf. 

125.  COMBUSTION  OF  COAL,  AND  THE  PREVENTION  OP 

SMOKE,  by  C.  Wye  W^ilUams,  M.I.C.E.    Ss. 
139.  STEAM  ENGINE,  Mathematical  Theory  of,  by  T.  Bakea-.    U. 
162.  THE  BRASSFOUNDER'S  MANUAL,  bv  W.Graham.  2s,  6d. 
16i.  MODERN  WORKSHOP  PRACTICE.  By  J.  G.  Winton.  3*. 

165.  IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in 

the  Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders, 
and  the  Action  of  Heat  in  the  Smelting  Furnace,  by  James 
Armour,  C.E.    Woodcuts.    25.  6d.  [Is^ow  ready, 

166.  POWER  IN  MOTION:  Horse  Power,  Motion,  Toothed  Wheel 

Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &o., 
by  James  Armour,  C.E.  With  73  Diagrams.  2a. 6«?.  [Now  ready, 

167.  A  TREATISE    ON   ThS   CONSTRUCTION   OP   IRON 

BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  STRUC- 
TURES, by  F.  Campin.     Numerous  Woodcuts.  2s,    [Meady, 

171.  THE    WORKMAN'S    MANUAL     OF    ENGINEERING 

DRAWING,  by  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  School  of  Naval  Architecture  &  Marine  Engi- 
neering, South  Kensington.  Plates  &  Diagrams.  3^.  Qd,  [Heady, 

172.  MINING  TOOLS.    For  the  Use  of  Mine  Managers,  Agents, 

Mining  Students,  &c.,  by  William  Morgans,  Leoturer  on 
Mining,  Bristol  School  of  Mines.  12mo.  25.6^?.    .  [Jttst  ready, 

172*.ATLAS  OF  PLATES  to  the  above,  containing  200  Illustra- 
tions.   4to.    4«.  6d.  [Just  ready, 

176.  TREATISE  ON  THE  METALLURGY  OF  IRON ;  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods 
of  Assay,  and  Analysis  of  Iron  Ores,  Processes  of  Manufacture 
of  Iron  and  Steel,  &c.,  by  H.  Bauerman,  F.G.S.,  A.R.S.M. 
Second  Edition,  revised  and  enlarged.  Woodcuts.  4*.Prf.  [JReady, 
COAL  AND  COAL  MIN ING,  by  W.  W.  Smyth.  [In preparation. 


NAVIGATION    AND    SHIP-BUILDING. 

51.  NAVAL  ARCHITECTURE,  by  J.  Peake.    Ss. 

53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Construction 

of,  by  Captain  H.  A.  Sommerfeldt.    la, 
63*».  ATLAS  OF   15   PLATES   TO    THE  ABOVE,  Drawn  for 

Practice.    4to.     7s.  6<i.  [Reprintin'j, 

54.  MASTING,   MAST-MAKING,    and   RIGGING   UF  SHIPS, 

by  R.  Kipping.     Is.  (Sd., 
54*.  IRON  SHIP-BUILDING,  by  J.  Grantham.    Fifth  Edition, 

with  Supplement.     4*. 
54**.  ATLAS  OF  40  PLATES  to  illustrate  the  preceding.   4to.   38s. 
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55.  NAYiaATION ;  the  Sailor's  Sea  Book:  How  to  Keep  the  Log 
and  Work  it  off,  Law  of  Storms,  &c.,  by  J.  Greenwood.     2$. 

83  bia.  SHIPS  AND  BOATS,  Form  of,  by  W.  Bland.     U,  6d, 

99.  NAUTICAL  ASTEONOMY  AND  NAVIGATION,  by  J.  B. 
Young.    2s, 

100».  NAVIGATION  TABLES,  for  Use  with  the  above.     U,  Qd. 

106.  SHIPS'  ANCHORS  for  all  SEEVICBS,  by  G.  Cotaell.    1*.  6d. 

149.  SAILS  AND  SAIL-MAKING,  by  R.  Kipping,  N.A.    2».  6d, 

155.  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND  MER- 
CANTILE NAVIES,  by  a  Practical  Engineer.  Revised  by 
D.  F.  McCarthy.    3s, 


PHYSICAL  AND   CHEMICAL   SCIENCE. 

1.  CHEMISTRY,  by  Prof.  Fownes.    With  Appendix  on  Agri- 

cultural Chemistry.    New  Edition,  with  Index,     la, 

2.  NATURAL  PHILOSOPHY,  by  Charles  Tomlinson.     Is. 

3.  GEOLOGY,  by  Major-Gen.  PorUock.    New  Edition.     1*.  6d. 

4.  MINERALOGY,  by  A.  Ramsay,  Jim.    35. 

7.  ELECTRICITY,  by  Sir  W.  S.  Harris.     Is.  Qd, 

7».  GALVANISM,  ANIMAL  AND  VOLTAIC  ELECTRICITY, 
by  Sir  W.  S.  Harris.     Is,  6d, 

8.  MAGNETISM,  by  Sir  W.  S.  Harris.    New  Edition,  revised  and 

enlarged  by  H.  M.  Noad,  Ph.D.,  F.R.S.  With  165  woodcuts. 
3s.  6<i.  [jTAw  day. 

11.  HISTORY  AND  PROGRESS  OF  THE  ELECTRIC  TELE- 
GRAPH, by  Robert  Sabine,  C.E.,  F.S.A.    3*. 

72.  RECENT  AND  FOSSIL  SHELLS  (A  Manual  of  the  Mollusca), 
by  S.  P.  Woodward.  With  Appendix  by  Ralph  Tate,  P.G.a 
6s.  6<i. ;  in  cloth  boards,  7*.  6rf.    Appendix  separately,  1#, 

79**.  PHOTOGRAPHY,  the  Stereoscope,  Ac.,  from  the  French 
of  D.  Van  Monckhoven,  by  W.  H.  Thornthwaite.     1*.  6d. 

96.  ASTRONOMY,  by  the  Rev.  R.  Main.  New  and  Enlarged 
Edition,  with  an  Appendix  on  "  Spectrum  Analysis."    1*.  6rf. 

133.  METALLURGY  OF  COPPER,  by  Dr.  R.  H.  Lamborn.     2s. 

134.  METALLURGY  OF  SILVER  AND  LEAD,  by  Lamborn.   2*. 

135.  ELECTRO -METALLURGY,  by  A.  Watt    2*. 

138.  HANDBOOK  OF  THE  TELEGRAPH,  by  E.  Bond.    New 

and  enlarged  Edition.     Is.  6d. 
143.  EXPERIMENTAL  ESSAYS— On  the  Motion  of  Camphor 

find  Modern  Theory  of  Dew,  by  C.  Tomlinson.    Is, 
161.  QUESTIONS  ON  MAGNETISM,  ELECTRICITY,  AND 

PRACTICAL  TELEGRAPHY,  by  W.  McGregor.     1*.  6tf. 

173.  PHYSICAL  GEOLOGY  (partly  based  on  PorUock's  "  Budi- 

mentsof  Geology  "),  by  Ralph  Tate,  A.L.S.,&c.  2*.  [Note  ready. 

174.  HISTORICAL  GEOLOGY  (partly  based  on  Portlock's  "  Rudi- 

ments of  Geology  "),  by  Ralph  Tate,  A.L.S.,  &c.     2s.  6^. 

[Now  ready,. 
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MISCELLANEOUS    TREATISES. 

12.  DOMESTIC  MEDICINK,  by  Dr.  Balph  Gooding.    2*. 

112».  THE  MANAGEMJSNT  OF  HEALTH,  by  James  Baird.    U. 

113.  USB  OP  FIELD  ARTILLERY  ON  SERVICE,  by  Tauberi, 
translated  by  Lient.-Col.  H.  H.  Maxwell.     1«.  6d, 

160.  LOGIC,  PURE  AND  APPLIED,  by  S.  H.  Emmens.     Is,  Gd, 

152.  PRACTICAL  HINTS  FOR  INVEisTING  MONEY:  with 
an  Explanation  of  the  Mode  of  Transacting  Business  on  the 
Stock  Exchange,  by  Francis  Playford,  Sworn  Broker,    l^. 

163.  LOCKE  ON  THE  CONDUCT  OF  THE  HUMAN  UNDER- 
STANDING, Selections  from,  by  S.  H.  Emmens.    2^. 


NEW  SEBIES  OF  EDUCATIONAL  WORKS. 


1.  ENGLAND,  History  of,  by  W.  D.  Hamilton.   6«.;  cloth  boards, 
6*.    ^Aleo  in  5  parts,  price  Is.  each.) 

6.  GREECE,  History  of,  by  W.  D.  Hamilton  and  E.  Leyien,  M.A. 

2s,  Qd. ;  cloth  boards,  2s.  Qd, 

7.  ROME,  History  of,  by  E.  Levien.     2s,  6rf. ;  cloth  boards,  3s.  Gd. 
9.  CHRONOLOGY    OF    HISTORY,    ART,     LITERATURE, 

and  Progress,  from  the  Creation  of  the  World  to  the  Con- 
clusion of  the  Franco-German  War.  The  continuation  by 
W.  D.  Hamilton,  F.S. A.    3s.  cloth  limp ;  3*.  6<f.  cloth  boards. 

[Kow  ready, 

11.  ENGLISH  GRAMMAR,  by  Hyde  Clarke,  D.C.L.     \s. 

11*.  HANDBOOK  OF  COMPARATIVE  PHILOLOGY,  by  Hyde 
Clarke,  D.C.L.     \s. 

12.  ENGLISH   DICTIONARY,  containing  aboye  100,000  wprds, 

by  Hyde  Clarke,  D.C.L.    3«.  Qd. ;  cloth  boards,  4*.  6rf. 

,  with  Grammar.     Cloth  bds.  5«.  6rf. 

14.  GREEK  GRAMMAR,  by  H.  C.  Hamilton.     Is, 

16.  DICTIONARY,  by  H.  R.  Hamilton.  Vol.  1.  Greek- 
English.    2s, 

17.  — Vol.  2.  English— Greek.    2«. 

Complete  in  1  vol.    4s. ;  cloth  boards,  6«. 

,  with  Grammar.    Cloth  boards,  6«. 

19.  LATIN  GRAMMAR,  by  T.  Goodwin,  M.A.     U, 

20.  DICTIONARY,  by  T.  Goodwin,  M.A.     Vol.  1.  Lntin 

— English.     2s. 

22. Vol.  2.  English— Latin.     1*.  %d, 

Complete  in  1  vol.  3a.6rf.;  cloth  boards,  4a.  6a. 

,  with  Grammar.    Cloth  bds.  5a.  ^d, 

24.  FRENCH  GRAMMAR,  by  G.  L.  Strauss,     la. 

7,   STATIONERS'  HALL  COURT,   LUDGATE   HILL. 
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26.  FBENCH  DICTIONARY,  by  Elwes.    Vol  X.  Fr.— Eng.    U. 

26.  Yol.  2.  English— French,     la.  6d, 

Complete  in  1  vol.    2*.  Qd. ;  cloth  boards,  3s.  6J. 

: ,  with  Grammar.    Cloth  bds.  4*.  6rf. 

27.  ITALIAN  GRAMMAR,  by  A.  Elwes.     U. 

28. TRIGLOT   DICTIONARY,  by  A.  Elwes.    VoL  1. 

Italian — ^English — French.    2tf. 

30.  Vol.  2.  English— French— Italian.    2«. 

32.  ■  Vol.  3.  French— Italian— English.    28. 

Complete  in  1  vol.    Cloth  boards,  7«.  Qd. 

,  with  Grammar.     Cloth  bds.  8«.  6<f. 

34.  SPANISH  GR^MAR,  by  A.  Elwes.     Js. 
35. ^ ENGLISH    AND    ENGLISH— SPANISH    DIC- 
TIONARY, by  A.  Elwes.    4*.;  cloth  boards,  5*. 

'  •,  with  Grammar.    Cloth  boards,  6». 

39.  GERMAN  GRAMMAR,  by  G.  L.  Strauss,     la. 

40.  READER,  from  best  Author*.    1*. 

41. TRIGLOT  DICTIONARY,  by  N.E.  S.  A.  Hamaton. 

VoL  1.  English — German — French.     1*. 

42.  Vol.  2.  German — French — English.     1*. 

43.  Vol.3.  French — German — English.    1». 

Complete  in  1  voL    3s. ;  cloth  boards,  4s. 

— — , "  with  Grammar.    Cloth  boards,  5a. 

44.  HEBREW  DICTIONARY,  by  Bresslau.  Vol.  1.  Heb.— Eng.  6*. 
,  with  Grammar.    7». 

46.  Yol.  2.  English— Hebrew.    3*. 

Complete,  with  Grammar,  in  2  vols.    Cloth  boards,  12*. 

46*.  GRAMMAR,  by  Dr.  Bresslau.     U. 

47.  FRENCH  AND  ENGLISH  PHRASE  BOOK.    U. 

48.  COMPOSITION  AND  PUNCTUATION,  by  J.  Brenan.     1*. 

49.  DERIVATIVE  SPELLING  BOOK,  by  J.  Rowbotham.  l».6rf. 

50.  DATES  AND  EVENTS.    A  Tabular  View  of  English  History, 

with  Tabular  Geoffraphy,  by  Edgrar  H.  Rand.  [In  Preparation. 

ART    OF    EXTEMPORE    SPEAKING.      Hints    for    the 

Pulpit,  the  Senate,  and  the  Bar,  by  M.  Bautain,  Professor  at 

the  Sorbonne,  &c.  [Just  ready. 
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Adapted  to  the  Eequireinents  of  the  Kew  Code  of  1871. 

Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary 
Canon  of  Ely ;  formerly  H.M.  Inspector  of  Schools. 

a.    d,  \  s»    d. 
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LATIN  AND  GBEEE  CLASSICS. 

-WITH  EXPLANATORY  NOTES  IN  ENGLISH. 


LATIN    SERIES. 

1.  A  NEW  LATIN    DELECTUS,  with  Vocabularies  and 

Notes,  by  H.  Young U, 

2.  G^SAIL    De  Bello  Gallico ;  Notes  by  H.  Young      .        .    2$, 
S.  CORNELIUS  NEPOS ;  Notes  by  H.  Young     .        .        .1*. 

4.  yiBGIL.     The  Gborgics,  Bucolics,  and  Doubtful  Poems; 

Notes  by  W.  Bushton,  M.A.,  and  H.  Young  .       Is.  Qd. 

5.  VIRGIL:    ^neid ;  Notes  by  H.  Young  .        .        .    2«. 

6.  HORACE.  Odes,  Epodes,  and  Carmen  Seculare,  by  H.  Young  Is. 

7.  HORACE.     Satires  and  Epistiles,  by  W.  B.  Smith,  M. A.  Is.  6d. 

8.  SALLUST.     Catiline  and   Jugurthine    War;   Notes  by 

W.  M.  Donne,  B.A :        .Is.Qd. 

9.  TERENCE.    Andria  and  Heautontimorumenos;  Notes  by 

the  Rey.  J.  Davies,  M.A. Is.  Gd. 

10.  TERENCE.     Adelphi,  Hecyra,  and  Phonnio;  Notes  by 

the  Rey.  J.  Dayies,  M.A 2s, 

11.  TERENCE.    Eunuchus,  by  Rev.  J.  Davies,  M.A.      .       Is.  6d, 

iVbs.  9, 10,  and  II  ire  I  vol,  cloth  boardSj  6s. 

12.  CICERO.    Oratio  Pro  Sexto  Rosoio  Amerino.    Edited, 

-  with  Notes,  &c.,  by  J.  Davies,  M.A.  {Now  ready.)  .        ,     1*. 

14.  CICERO.    De  Amicitia,  de  Senectute,  and  Brutus ;  Notes 

by  the  Rev.  W.  B.  Smith,  MA 2s. 

16.  LITY.    Books  i.,  ii.,  by  H.  Young     .        ,        ,        .1*.  6d. 
16*.  LTVY.    Books  iii.,  iv.,  v.,  by  H.  Young    ,        .        .       Is.  6d, 

17.  LIVY.    Books  xxi.,  xxii.,  by  W.  B.  Smith,  M.A.  .       1*.  Qd. 

19.  CATULLUS,   TIBULLUS,   OVID,  and  PROPERTIUS, 

Selections  from,  by  W.  Bodham  Donne  .        .        .        .28. 

20.  SUETONIUS  and  the  later  Latin  Writers,  Selections  from, 

by  W.  Bodham  Donne 2s. 

21.  THE  SATIRES  OF  JUYENAL,  by  T.  H.  S.  Escott,  M.A., 

of  Queen's  College,  Oxford 1«.  6^. 
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GREEK    SERIES. 

WITH  EXPLANATOEY  NOTES  IN   ENGLISH. 


1.  A  NEW  aEEBK  DELECTUS,  bj   H.  Young       .  U, 

2.  XENOPHON.    Anabasis,  i.  ii.  iii.,  hj  H.  Young        .         .     1*. 

3.  XENOPHON.    Anabasis,  iv.  v.  vi.  vii.,  by  H.  Young     ^  .     1«. 

4.  LUOIAN.    Select  Dialogues,  by  H.  Young        ,         .         .1*. 
6.  HOMER.    Hiad,  i.  to  yi.,  by  T.  H.  L,  Leary,  D.C.L.         I*.  Qd, 

6.  HOMER,    mad,  yii.  to  xii.,  by  T.  H.  L.  Leary,  D.C.L.    U.  W. 

7.  HOMER.     Hiad,  xiii.  to  xviu.,  by  T.H.  L.  Leary,  D.C.L.  1*.  6rf. 

8.  HOMER.    Hiad,  xix.  to  xxiv.,  by  T.  H. L.  Leary,  D.C.L.  1*.  6d. 

9.  HOMER.    Odyssey,  i.  to  vi.,  by  T.  H.  L.  Leary,  D.C.L.    1*.  W. 

10.  HOMER.     Odyssey,  vii.  to  xii.,  by  T.  H.  L.  Leary,  D.C.L.  1*.  W. 

11.  HOMER.     Odyssey,xiii.toxviii.,byT.H.L.Leary,D.C.L.  1*.W. 

12.  HOMER.    Odyssey,  xix.  to  xxiv. ;  and  Hymns,  by  T.  H.  L. 

Leary,  D.C.L 2». 

13.  PLATO.    Apologia,  Crito,  and  Phsedo,  by  J.  Davies,  M.A.    2*. 

14.  HERDDOTUS,  Books  i.  ii.,  by  T.  H.  L.  Leary,  D.C.L.     1*.  6d. 

15.  HERODOTUS,  Books  iii.  iv.,  by  T.  H.  L.  Leary,  D.C.L.  1*.  W. 

16.  HERODOTUS,  Books  v.  vi.  vii.,  by  T.  H.  L.  Leary,  D.OX.  1*.  6d. 

17.  HERODOTUS,  Books  viii.  ix.,  and  Index,  by  T.  H.  L. 

Leary,  D.C.L. •      ,        ,        Itf.  6i. 

18.  SOPHOCLES.  GEdipus  Tyrannus,  by  H.  Yoang  .  .  1#. 
20.  SOPHOCLES.  Antigone,  by  J.  Milner,  B.A.  ...  2*. 
23.  EURIPIDES.  Hecuba  and  Medea,  by  W.  B.  Smith,  M.A.  U.  6rf. 
26.  EURIPIDES.  Alcestis,  by  J.  Milner,  B.A.  .  .  .  U. 
30. -SISCHYLUS.  Prometheus  Vinctus,  by  J.  Davies,  M. A.  ,  1*. 
32.  -S:SCHYLUS.    Septem  contra  Thebas,  by  J.  Davies,  M  JL     1*. 

40.  ARISTOPHANES.    Aohamenses,  by  0.  S.  D.  Townshend, 

M.A i8.ed. 

41.  THUCYDIDES.  PeloponnesianWar.  Book  i.,  by  H.  Young  li, 

42.  XENOPHON.  Panegyric  on  Agesilaus,  by  LI.  F.W.Jewitt  USA 
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7,    STATIONERS'-HALL   COURT,    LUDGATE    HILL,    E.C. 


ENGINEERING,  SURVEYING,  &c. 

¥ 

numbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Author  of  "Cast  and  Wrought  Iron 
Bridge  Construction,"  &c.  &c.  This  work,  it  is  expected,  will  con- 
tain about  50  Double  Plates,  and  upwards  of  300  pages  of  Text. 
Imp.  4to,  half  bound  in  morocco.  [/»  the  press, 

*4»*  In  accumulating  information  for  this  volume^  the  Author  has 
been  very  liberally  assisted  by  several  professional  friends^  who  heme 
tncuie  this  department  of  engineering  their  special  study.  He  has  thus 
been  in  a  position  to  prepare  a  work  which^  within  the  limits  of  a 
single  volumcy  will  supply  the  reader  with  the  most  complete  and 
reliable  informcUion  upon  all  subjects,  theoretical  and  practical,  con- 
nected with  water  supply.  Through  the  kindness  of  Messrs,  Atider- 
son,  Bateman,  Hawksley,  Homersfiam,  Baldwin  Latham,  Lawson, 
Milne,  Quick,  Rawlinson,  Simpson,  and  others,  several  works,  con* 
structed  and  in  course  of  construction,  from  the  designs  of  these  gentU- 
men,  will  be  fully  illustrated  and  described, 

AMONGST  OTHER  IMPORTANT  SUBJECTS  THE  FOLLOWING  WILL  BE  TREATED 

IN  THE  text: — 

Historical  Sketch  of  the  means  that  have  been  proposed  and  adopted  for  the  Supply 
(•f  Water. — ^Water  and  the  Foreign  Matter  usually  associated  wiui  it. — Rainfall  and 
Kvaporation. —  Springs  and  Subterranean  Lakes. —  Hydraulics.— The  Selection  of 
Sites  for  Water  Worls. — ^Wells. — Reservoirs. — Filtration  and  Filter  Beds. — Reservoir 
and  Filter  Bed  Appendages. — Pumps  and  Appendages. — Pumping  Machinery. — 
Culverts  and  Conduits,  Aqueducts,  Syphons,  &c. — Distribution  of  Water. — Water 
Meters  and  general  House  Fittings.— Cfost  of  Works  for  the  Supply  of  Water. — Con- 
stant and  Intermittent  Supply. — Suggestions  for  preparing  Plans,  &c.  &c.,  toeether 
with  a  Description  of  the  numerous  Works  illustrated,  viz : — Aberdeen,  Bideford, 
Cockermouth,  Dublin,  Gla^ow,  Loch  Katrine,  Liverpool,  Manchester,  Rotherhani, 
Sunderland,  and  several  others ;  with  copies  of  the  Contract,  Drawings  and  Specifi- 
cation in  each  case. 


WORKS  PUBUSHED  BY  LOCKWOOD  &  CO. 


Humbers  Modem  Engineering.     First  Series, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, i&l^  Conpnong  Ci¥il,  Mfrhanifal,  Marine,  Hydnulk, 
Raflway,  widge,  and  ot£er  Engineering  Works,  Ac.  Bj  William 
HUMBER,  Assoc.  InsL  C.E.,  &c  Imp.  4to,  with  36  Doable 
Plates,  drawn  to  a  large  scale,  and  Photographic  Portrait  of  John 
Hawksbaw,  CE.,  F.R.S.,  &c.     Price  7^  3/.  half  morocco. 

Utt  1^  the  Plata. 

NAMS  AlTD  DBSCUPTIOK.  FLATES.  IVASCK  OF  KKCINKEX. 

Victoria  Station  and  Roof—L.  B.&S.  C.  Rafl.      x  to  8  Mr.  R.  Jacomb  Hood,  CL 

Sootfapoit  Pier 9  and  zo  Mr.  James  Bninlees,  C.£. 

Victoria  Station  and  Roof— L.  C.  &  D.  &  G.  W. 

Railways    zztoisA  Mr.  John  Fowler,  CE. 

Roof  of  Cx«mome  Music  HaU x«  Mr.  William  Humber,  CL 

Bridge  over  G.  N.  Rolway 17  Mr.  Jweph  Cubttt,  CE. 

RooTofStatiatt— Dutch  Rhenisli  Railway  ..  z8aadx9  Mr.  Knschcdi,  CE. 
Bridge  «ver  the  Thames- Wert  LoMlaa  £»• 

tension  Railway ao  to  24  Mr.  William  Baker,  CE 

Armour  Plates 35  Mr.  James  Chalmers,  CL 

Suspension  Bridge,  Thames • 361039  Mr.  Feter  W.  Barlow,  CL 

The  Alkn  Engine   30  Mr.  G.T.  Porter.  M.E. 

SuspeasidB  Bndge,  Av«m 3^  K>  33  Mr.  J<rfm  Hnwl^iaw,  CE. 

and  W.  H.  Barlow,  CL 

Undeiground  Railway 341036  Mr.  John  Fowler,  CE. 

With  Gooions  Deaowtife  Lettennos,  SpedftcBtions,  &c. 


to 


*<H«idMBely]JdMr«Iil«daad|irBted.    ItwaOlrndfavMr 

in  a  pennanent  form  copies  of  the  plans  and  ^edficadons 


aaany  who  de»ii: 
fortk 


guidance  of  the  cootzactofs  for  many  iB4XNrtant  engiiaeeimg  woziu." — -. 


Humberts  Modern  Engineering.    Second  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1864 ;  with  Photographic  Portrait  of  Robert  Stephenson, 
CE.,  M.P.,  F.R.S.,  ftc.     Price  3/.  3/.  hsdf  morocco. 

List  of  the  FlaUs. 

VAMB  AMD  DBSCanmOir.  rLAXSS.  KAMB  OF  ■UGllfBEX. 

Birkenhead  Dock^  Low  Water  Basin  i  to  Z5  Mr.  G.  F.  Lyster,  CE. 

Charing  Cross  Station  Roef-C  C.  Railway.  z6  to  z8  Mr.  Hawksfaaw,  CE. 

DinwaiViadsetr-GieatNortbeai  Railway.        19  Mr.  J.  Cnfaiic,  C£. 

Robbery  Wood  Viaduct^GceatN.  Railway.        ao  Mr.  J.  Cufaitt,  C£. 

Iron  Permanent  Way aoa  •>— — 

Qydach  Viaduct  ^Merlhyr,  Tradcgsr,  and 

Abenavenny  Railway »...         ax  Mr.  Govdaar,  CE. 

Ebbw  Viaduct       ditto       ditto       ditto  33  Mr.  Gardner,  CE. 

College  Wood  Viaduct— Cbcnwafl  Railway  . .         33  Mr.  BnmeL 

Dubkn  Winter  Palace  Roof 34  to  36  Messrs.  Grdish&LeFeaTR- 

Bridge  over  the  Thames— L.  C.  ft  D.  Raxiw.  37  to  3s  Mr.  J.  CobiB,  CE. 

Albert  Harboor,  Greeoadc  33  «»  9^  Mean.  BaB  ft  Ifilcr. 

With  copious  Descriptive  Letteipsess,  Sperifirations^  Ac. 


<« 


A  r»fMw/of  an  the  more  interesting  and  impoKtant  WDdu  lately 
Britain ;  and  centainiag,  a*  it  does^  carefully  caecuted  drawiimsb  wi 
deijulsy  will  be  limuid  a  valuable  accessory  to  die  profession  at  la 

"  Mr.  Hiunbar  has  done  the  profession  good  and  trae  service,  hy-  the  fii 
of  enmples  he  has  here  braight  before  the  pcofessigB  and  the  public." 
Mfckanic's  Jcur9tal. 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Modem  Engineering.    Third  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 
ING,  1865.  Imp.  4to,  with  40  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  ofT.  R.  M*Clean,  Esq.,  late  Pre- 
sident of  the  Institution  of  Civil  Engineers.  Price  3/.  3J.  half 
morocco. 

Ust  of  Plates  and  Diagrams. 


MAIN  DRAINAGE,  METROPOLIS. 

NOSTH  SiDS. 

Msp  showing  rBterccptBon  of  Sewers. 
Middle  Level  Sewer.     Sewer  under  Re- 
gent's Gaoial. 
Middle  l/erA  Scwrr.  Junction  widi  Fleet 

Ditch. 
OutfUl 

Elevation. 
OutfaU  S9 

Detsds. 
Outfall  Sewer. 

Details. 
OutfiJ]  Sewer.    B 

North  Woolwich 

Barking  SaiKvan' j[uactioii. 
OutfaD  Sum.!.     Bndge  over  Bow  smd 

Barking  Railway.    £levation. 
OutfaU   Sewer.      Bridge  over  Bow  and 

Barking  Railway.  ^  Details. 
Outfall  ^wer.      Bridge  over 

Barking  Railway.    Stalls. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks'  Feeder.    Hevatton. 
Out&OI  Sewer.    Bridge  over  East  Londoii 

Waterworiis'  Feeder.    Detaih. 
Outfall  Sewer.    Reservoir.    Plan. 
Outftll  Sewer.    Reservoir.    Section. 
OutfiH  Sewer.  Tumbioig  Bay  aad  Outlet. 
Outfedl  " 


over  River  Lea. 


Bti4(e  over  River  Lea. 


River  Lea. 


Marsh  Lane, 
y,  and  Bow  and 


Bow  and 


South  Sidb. 

Outfall  Sewer.  Bennondsey  Biandi. 

Outfall  Sewer.  Bennondsey  Branch. 

Outfall  Sewer.  Reservoir  and  Outlet 
Plan. 


MAIN  DRAINAGE,  METROPOLIS, 

cmUmited — 

Outfidl   Sewer.     Reservoir  aoid   Ootlet. 

Details. 
Outfiftll  Sewer.      Reservoir   and  OodeL 

Details. 
Out&ll  Sewer.      Reservoir  and   Outlet. 

Details. 
OutfaU  Sewer.    FBth  Hoist. 
Sections  of  Sewers    (Noitn  and  South 

Sides). 

THAMES  EMBANKMENT. 

Section  of  River  Wall. 
Steam-boat  Pier,  Westmaster. 

Steam-boat  Pier,  Westminslier.  ^ 

Landing  Stairs  between  Charing  Cross 

and  Waterloo  Bridges. 
York  Gate.    Front  Elevation. 
York  Gate.    Side  Elevation  and  Details. 
OverflowandOutlet  at  Savoy  Street  Sewer. 

Details. 
Overflowand  Outlet  at  Sawoy  Street  Sewer. 

Fenstodc 
Ova  flow  and  Outletat  Savoy  Street  Sewer. 

ireilSIOCK. 

Steam-boat  Fier»  Waterloo  Bridge.  Eleva- 
tion. 

Steam-boat  Pier,  Waterloo  Bridge.  De- 
tails. 

Steam-boat  Pier,  Waterloo  Brklgie.  De- 
tails, 

Junction  of  Sewers.    Plans  and  Sections. 

Gullies.    Plans  and  Sections. 

Roiliag  Stock. 

Granite  and  Iron  Forts. 


Wiih.  copianft  Dessriptxve  Letterpress,  Specificsolioiis,  &c. 


Opimtms  ef  the  Press, 


t€  ' 


Mr.  Humber's  worics— eqtedally  hisanniial  *  Rcooid/  with  whwh  so  naiiy  efoar 
readers  are  now  fiuniliai^-fill  a  void  occupied  by  no  other  bran^of  htenture.  .  ^^. 
The  dravmiBs  have  a  constantly  increasing  vakie,  and  wlioever  desues  to  pnness  ckar 
representatioos  of  the  two  sreat  works  carried  out  by  our  Metropobtan  Boaid  wAl 
obtain  Mr.  Hnmber's  last  \^nrait.'*—Engumermt:» 

"  No  engineer,  aichiteet,  or  contractor  should  fail  topfeNrve  theaerecoidsof  wotlcs 
which,  for  magmtude,  have  not  their  parallel  in  the  present  day,  no  student  ia  the 
profession  but  should  carefully  study  the  details  of  these  great  works,  which  he  nmy  he 
one  day  called  upon  to  imitate." — Mechanics*  Magazine, 


"  A  work  hiffhlycredftaUe  to  the  industry  of  its  autliar.  •  .  .  llie'PQhiiMist. 
an  encyclopaedia  for  the  study  of  the  student  who  desires  to  master  the  sulnect  ol^ 
municipal  drainage  on  its  scale  of  greatest  development."— /*n[«*ftcw^  Mrnmmt's 
Journal. 


WORKS   PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Modem  Engineering.    Fourth  Series, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1866.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  laige 
scale,  and  Photographic  Poitrait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.     Price  3/.  3J.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

NAME  AND  DESCRIPTION.  PLATES.  NAME  OF   ENGINEER. 

Abbey  Mills  Pumping  Station,  Main  Drainage, 

Metropolis 1104     Mr.  Bazaleette,  C.E. 

Barrow  Docks 5  to  9      Messrs.  M  Clean  &  Stillman. 

Manquis  Viaduct,  Santiago  and  Valparaiso  [C.E. 

Railway 10,11      Mr.  W.  Loyd,  C.E. 

Adams' Locomotive,  St.  Helen's  Canal  Railw.      12,  13     Mr.  H.  Cross,  C.E. 
Cannon  Street  Station  Roof,  Charing  Cross 

Railway 14  to  16   Mr.  J.  Hawkshaw,  C.E. 

Road  Bridge  over  the  River  Moka. 17,  18     Mr.  H.  Wakefield,  C.E. 

Tel^;Taphic  Apparatus  for  Mesopotamia  ....  19         Mr.  Siemens,  C.£. 

Viaduct  over  tne  River  Wye,  Midland  Railw.    20  to  22    Mr.  W.  H.  Barlow,  C.E 
St.  Germans  Viaduct,  Cornwall  Railway  ....      23,  24     Mr.  Bnmel,  C.E. 

Wrought-Iron  Cylinder  for  Diving  Bell 25         Mr.  J.  Coodc,  C.E. 

Millwall  Docks 26  to  31   Messrs.  J.  Fowler,  C.E..aDl 

William  Wilson,  CE. 

Milroy*s  Patent  Excavator    32         Mr.  Milroy,  C  E. 

Metropolitan  District  Railway 33   to  38    Mr.  J.  Fowler,  Engineer-Is- 

Cluef,    and     Mr.   T.  il 
Johnson,  C.E. 
Harbouzs,  Ports,  and  Breakwaters a  to  c 

The  Letterpress  comprises — 

A  concluding  article  on  Harbours,  Ports,  and  Breakwaters,  wiili 
Illustrations  and  detailed  descriptions  of  the  Breakwater  at  Cher- 
bourg, and  other  important  modem  works ;  an  article  on  the 
Telegraph  Lines  of  Mesopotamia ;  a  full  description'of  the  Wrought- 
iron  Diving  Cylinder  for  Ceylon,  the  circumstances  under  which  i: 
was  used,  ana  the  means  of  working  it ;  full  description  of  the 
Millwall  Docks  ;  &c.,  &c.,  &c. 


Opinions  0/  the  Press, 

"  Mr.  Humber's  '  Record  of  Modem  Engineering'  is  a  work  of  pectdlar  value,  is 
well  to  those  who  design  as  to  those  who  study  the  art  of  engineering  construction. 
It  embodies  a  vast  amount  of  practical  information  in  the  form  of  full  descripdons  and 
working  drawings  of  all  the  most  recent  and  noteworthy  engineering  works.  The 
plates  are  excellently  lithographed,  and  the  present  volume  of  the  '  Record '  is  not  3 
whit  behind  its  predecessors." — Mechanici^  magazine. 

"We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able 
pen  of  Mr.  Humber.  The  accuracy  and  gtoeral  excellence  of  this  work  are  well 
known,  while  its  usefulness  in  giving  the  measurements  and  details  of  some  of  tbe 
latest  examples  of  en^neering,  as  carried  out  by  the  most  eminent  men  in  the  profes- 
sion, cannot  be  too  highly  prized." — Artizan. 

"The  volume  forms  a  valuable  companion  to  those  which  have  preceded  it,  and 
cannot  fail  to  prove  a  most  important  addition  to  every  engineering  library."— JI/*«»r/ 
Journal. 

"  No  one  of  Mr.  Humber's  volumes  was  bad  ;  all  were  worth  their  cost,  from  Lhc 
mass  of  plates  from  well-executed  drawings  which  they  contamed.  In  this  respect, 
perhaps,  this  last  volume  is  the  most  valuable  that  the  author  has  produced."— /'ra^- 
ttcal  Mechanic^  Jourtiat, 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


JFIumbef^s  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  Assoc.  Inst  C.E.,  and  M.  Inst. 
M.  E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and  numerous 
additions  to  the  Text.  In  2  vols.  imp.  4to.,  price  6/.  i6s,  6d,  half- 
bound  in  morocco.  S^Recmtly  published. 


4( 


A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In 
addition  to  elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very 
much  enhance  the  instructive  worth  of  these  Slustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  information.  '^ —Civil  Engineer  and  A  rchitecfs 

^  *  *■  The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  prin- 
ciples involved  in  the  various  forms  now  adopted  in  bridge  construction,  "niese 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefully  con- 
sidered and  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  containing  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  of 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  illus- 
trated by  numerous  woodcuts,  plates,  and  diagrams :  and  the  plates  in  the  second 
volume  do  great  credit  to  both  drauehtsmen  and  engravers.  In  conclusion,  we  have 
great  pleasure  in  cordially  recommending  this  work  to  our  readers." — Artizan. 

**  Mr.  number's  stately  volumes  lately  issued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our 
most  eminent  engineers,  are  drawn  and  specified  in  great  detail" — Engineer. 


Weale^s  Engineer  s  Pocket-Book, 


THE  ENGINEER'S,  ARCHITECT'S,  and  CONTRACTOR'S 
POCKET-BOOK  (Lockwood  &  Co.'s;  formerly  Weale's). 
Published  Annually.  In  roan  tuck,  gilt  edges,  with  10  Copper- 
Plates  and  numerous  Woodcuts.     Price  dr. 

*'  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimen- 
sions of  a  book  which  is,  in  reality,  what  it  professes  to  be — a  pocket-book 

We  cordially  recommend  the  book  to  the  notice  of  the  managers  of  coal  and  other 
mines ;  to  them  it  wiH  prove  a  handy  book  of  reference  on  a  variety  of  subjects  more 
or  less  intimately  connected  with  their  profession.  It  might  also  be  placed  with 
advantage  in  the  hands  of  the  subordinate  officers  in  collieries." — Colliery  Guardian^ 

*' The  assignment  of  the  late  Mr.  Weale's  *  Engineer's  Pocket-Book*  to  Messrs. 
Lockwood  &  Co.  has  by  no  means  lowered  the  standard  value  of  the  work.  It  is  too 
well  known  among  those  for  whom  it  is  specially  intended,  to  need  more  from  us  than 
the  observation  that  this  continuation  of  Mr.  Weale's  series  of  Pocket  Books  well 
sustains  the  reputation  the  work  has  so  long  enjoyed.  Every  branch  of  engineering 
is  treated  of,  and  facts,  figures,  and  data  of  every  kind  abound." — Mechanics'  Mag. 

*'  It  contains  a  large  amount  of  information  peculiarly  valuable  to  those  for  whose 
use  it  is  compiled.     We  cordially  commend  it  to  the  engineering  and  architectura 
professions  generally."— ^fiwintj'  Joumed, 

Iron  Bridges y  Girder s^  Roo/Sy  &c. 

THE  APPLICATION  OF  IRON  TO  THE  CONSTRUC- 
TION OF  BRIDGES,  GIRDERS,  ROOFS,  and  other  Works. 
By  Francis  Campin,  C.E.  With  numerous  Illustrations.  i2mo, 
cloth  boards^  3J.  [Just  published. 


WORKS   PUBLISHED  BY  LOCKWOOD  &  CO. 


Barlow  on  the  Strength  of  Materialsy  enlarged, 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  applicaliao  in  Ardntectnre,  the  Coostmcdoii  of 
Suspeosion  Bridges,  Railing  ftc  ;  and  an  Appendbc  on  the 
Poiwcr  of  Loanaotive  Kngifs,  and  tke  effect  of  Indmed  Planes 
and  gradients.  By  Petes.  Baelow,  F.R.S.,  Mem.  last,  of  Fnoce ; 
of  tbelH^>.  aodRojni  Academies  of  St  Fetersbiirgh  and  Bnissels ; 
of  the  Axner.  Soc.  Arts  ;  and  Hon.  Mem.  Inst.  Civil  Engineers. 
A  New  and  oonsiderably  Enlai^ged  Edition,  revised  by  bis  Sons, 
P.  W.  Barlow,  F.R.S.,  Mem.  Inst.  C.E.,  and  W.  H.  Barlow, 
F.R.S.,  MeoL  of  Conndl  Inst.  C.E.,  to  which  are  added  a  Soa- 
maxy  of  Experiments  by  Eaton  Hod6K11»on«  F.R.S.,  Wiluam 
Faireairn,  F.R.S.,  and  David  Kiekai.dy  ;  an  Essay  (with 
Illustrations)  on  the  effect  produced  by  passing  Weights  over 
Elastic  Bare,  bytl»  Rer.  Robert  Willis,  M.A.,  F.R.S.  And 
Formnlse  for  CalcnUting  Girders,  &c  The  whole  arranged  aad 
edited  by  William  Huhber,  Assoc.  last.  CE.,  and  Mem.  la^ 
M.E.,  Author  of  '*  A  Complete  and  PractieBl  Treaitise  on  Cast  and 
Wrot^g^-Iron  Bridge  Constmction,"  &c  &c  Demy  Sto,  400  pp-* 
with  19  laige  Plates,  and  nnaeroRs  woodcsis,  potice  i&r.  dodL 

Opimans  of  ike  Pros, 

**  Tins  oditiop  laa  unddgpnecgoaidaaJble  inipiowi  laiat,  aad  1m»  beea  faeajht/fc*" 
to  the  present  date.    It  i«  one  cf  dtt  firit  bortacf  aBfwe.Dcain<CMaieacfc.*'-"^y<*— "• 

"AlthoiiAiMB^  as  ti»ai3dfcaditton,Ae^piMic  Wider  <aMkkiMAi«ai»<^^ 
being  rerarded,  for  all  practical  purposes,  as  an  entirely  new  work    ...    the  book 
is  undoubtedly  worthy  of  the  hifbest  commendation,  and  of  an  h— nuraWe  place ■ 
the  library  of  every  engineer.**    iBffawi^''  7mmm\i, 

"  An  increased  value  has  been  ^ven  to  this  very  valuable  woric  hv  the  addition  of 
a  la^e  aaKmot  of  anfcKmadan,  wmck  cannot  praw  edwrniae  tfam  nig^  usoAu  J'' 
those  who  requina  to  consult  it  ...  .  The  anangeneBt  and  «dibng  erf*  this 
mass  of  information  has  been  undertahen  by  Mr.  Homber,  who  has  mostatty  MnU^ 
a  task  requiring  special  caie  and  a4nlit|r  to  render  it  a  sncoess,  wfaidi  this  editioa  most 
certainly  is.  He  has  given  the  finishng  touch  to  the  vehme  by  intradudaf^  ^^'^n 
am  interesting  memoir  of  Professor  Barlow,  which  tribute  of  respect,  we  are  sure,  vul 


be  sqypredated  by  the  members  ofihe  engineering  profesaoB.'* — mtckmmr^ 

"A  hook  whidi  no  engineer  of  any  Uad  can  afibad  to  be  vdAaot.    In 
form  its  former  value  is  much  iacwnsad.**-— O/ZiWy  Gmrnrdimt. 

"  The  best  book  OB  the  salnectwinch  has  yet  appeved.  ....  Wefaaf^ 
ne  we»k  riiat  so  cecipietdy  ^Ah  ite  wiiwinn  ....  As  a  sdantifiB  wok  <f  v 
^rst  daas,  it  deserves  a  feraafist  slaoe  on  tha  hoolofaBlvcaof  evary-  CKvdcapaaa'asd 
practical  mfyhawT  ** — pTTf/fVit  JHaofkHvac 

"  Thore  is  not  apwqpil  ia  aa  ennineering  adianl,  as  ansflBtifle  ia  anea^a"''^^ 
ardntect'soffioe,  or  a  ooiapfliint  daric  of  Mwrks,  aJsa  mill  aat 
vohiiae  newly  srvBB  to  dradatioa,  aa  oUandvaiaedfriflBd. 
of  timber  is  oiaoanaad,  there  ia ; 


«( 


It  is  scanxiy aeoeamyfer  as  to  make  — —  •*-  *-*  «-tiflo«f 


the  new  volume.    ....    Valaable  alike  to  the  aadhat,  tyro,  am 
practitioner,  it  will  alwavs  rank  in  future,  as  it  has  Utkarta  dioae^  as  . 
treatise  upon  this  particular  subject" — Rngineer. 

**  The  present  edition  offers  some  important  advaatagea  over  previous  ooe^  ^ 
additions  are  both  extensive  and  valuable,  ruiinsijriiag  i  ipniiiiiuiiis  hf  VLoA^lotti^^ 
the  strength  of  cast-iron :  extracts  from  papers  on  the  tzaasrerse  stmgth  otbcsfls  by 
W.  H.  Bailow  :  an  atticleon  the  strsB^jthcf  columns;  eapMia—Bts  by  Faiibsiwit  O" 
iron  and  stael  phMns,  on  the  bsfaavienr  of  ginfers  ivlvacted  ts  tha  vibntiaa  of  a 


changing  load,  and  on  various  cast  and  wrt»«ht-inm  hrnnB  nsnrii^ian  Jii  tJJ^'i' 
on  wrougbt-irop  and  steel  bars,  and  a  short  appendix  of  formulae  for  rem'y  --daa^^" 
lu  cempMi-    •* r^  on  bridges.  "^EngiiSiring,      lormuun  lor  rem  y 
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Strains,  FormulcB  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 

in    GIRDERS     and    SIMILAR    STRUCTURES,    and    their 

STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 

with  numerous  Details  for  Practical  Application,  &c.    By  William 

HUMBER,  Assoc.  Inst  C.E.,  &c.     reap.  8\ro,  with  nearly  100 

Woodcuts  and  3  Plates,  price  ^5,  6d.  clotK 

**  The  arrangement  of  the  matter  in  this  little  tolunie  is  as  convenient  as  it  well 

could  be.   .  •,•  •    The  system  of  employing  diagrams  as  a  subscitube  for  complex 

coaopntations  is  one  justly  coming  into  great  favour,  and  in  that  req>ect  Mr.  Humber's 

vohune  b  fully  up  to  the  times." — Engrineering. 

**The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Atkgfuettm. 
'^Tkat  a  necessity^  existed  for  die  book  is  evident,  Mre  think ;  that  Mr.  Humber  has 

adueved  his  design  is  eaually  evident We  heartily  commend  the  really  handy 

book  to  our  engineer  ana  ardiitect  readers." — EngUsk  Mechanic, 

Strains. 

THE  STRAINS  OK  STRUCTURES  OF  IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds, 
M.  Inst.  C.E.   Second  Edition,  with  5  plates.    Royal  8vo,  5^.  cloth. 

Contents  . — Introductory  Remarks ;  Beams  Loaded  at  Centre ;  Beams  Loaded  at 
unequal  distances  between  supports ;  Beams  uniformly  Loaded  ;  Girders  with  triangu- 
lar bracing  Loaded  at  centre  ;  jDitto,  Loaded  at  unequal  distances  between  supports ; 
Ditto,  uniformly  Loaded;  Calculation  of  the  Strains  on  Girders  with  triangular 
Basings  ;  Cantilevers ;  Continuous  Ginfars ;  Lattke  Girders ;  Ginders  with  Vertical 
Struts  and  Diagonal  Ties ;  Calculation  of  the  Strains  on  Diito ;  Bow  and  String 
Girders  ;  Girders  of  a^  form  not  belonging  to  any  regular  figinre  ;  Plate  Girders  ;  Ap- 
portioMBents  df  Material  Id  Stnun ;  Comparison  of  difieceat  GM-dess ;  Proportion  of 
Loigthto  Depth  of  Girders ;  Chnacter  of  the  Work ;  Iron  Roofs. 

Construction  of  Iron  BeamSy  Pillars^  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pilous,  and  Bridge  Gixders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  Jamss  Armour, 
C.E.     Woodcuts,  i2mo,  cloth  boards,  y.  6df.  ;  doth  limp,  zr.  dd. 

\Jmst  pMisfud, 
'*  A  very  usrfiil  aad  thnroi^g^y  practical  litde  Tolume,  in  erery  way  deserving  of 
circulation  amongst  working  men.** — Mining'  ymmal, 

*'  No  ironworker  who  wishes  to  acquamt  himself  with  the  principles  of  his  own 
trade  can  afford  to  be  without  it" — South  Durham  Mercury^  April  22nd,  x^x. 

Power  in  Motion. 

POWER  IN  MOTION :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
Bj  James  Armour,  C.E.  With  73  Diagrams.  i2mo,  cloth 
boards,  y.  6^;  cloth  limp,  2J-.  6^.  \yust  published. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  far  the  Formation  of  Geo- 
grsj^cid  and  Topegrapliical  Maps  and  Plans,  MiHtsry  Recon- 
Twjymiir^^  Lcv^iBg,  &C.,  With  tiic  most  usefbl  Prohleas  m  Geodesy 
gi^  PractioJ  AstrMionBy,  and  Formulae  and  Tables  for  Facilitating 
their  Cidcnlstioa.  %  Major-General  Fr6me,  R.E.,  Inspector- 
General  of  FoKtificatioBs,  &c.  Third  Edition,  rerhed  and  improved. 
With  10  Plates  and  113  Woodcuts.     Royal  8vo,  I2x.  dotii. 
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Hydraulics. 


HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULit 
for  finding  the  Dischaige  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  By  John  Neville,  Civil  Engineer,  M.R.I.A. 
Second  Edition,  with  extensive  Additions,  New  Formulae,  Tables, 
and  General  Information  on  Rain-fall,  Catchment-Basins,  Drainage, 
Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  With  nume- 
rous Woodcuts,  8vo,  i6j.  cloth. 

*»♦  This  work  contains  a  vast  number  of  different  hydraulic 
formulae,  and  the  most  extensive  and  accurate  tables  yet  published 
for  finding  the  mean  velocity  of  discharge  from  triangular,  quadri- 
lateral, and  circular  orifices,  pipes,  and  rivers;  with  experimental 
results  and  co-efficients ;  effects  of  friction ;  of  the  velocity  ot 
approach ;  and  of  curves,  bends,  contractions,  and  expansions  ;  the 
best  form  of  channel ;  the  drainage  effects  of  long  and  short  weirs, 
and  weir-basins  ;  extent  of  back-water  from  weirs ;  contracted 
channels;  catchment-basins;  hydrostatic  and  hydraulic  pressure; 
water-power,  &c  &c. 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Fifth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
%5.  6d,  doth.  \*  Trautwine  'on  Curves,  separate,  price  51. 

"One  of  the  most  important  text-books  for  the  general  sm^eyor,  and  there  b 
scarcely  a  question  connected  with  levelling  for  which  a  solution  would  be  sought  but 
that  would  be  satisfactorily  answered  by  consulting  the  volume." — Mining  yottmal. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colIq;es."'— 
Engineer, 

"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to 
the  younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work." 
—Engineering. 


Tunnelling. 


PRACTICAL  TUNNELLING ;  explaining  in  Detail  the  Settin- 
out  of  the  Works  ;  Shaft  Sinking  and  Heading  Driving  ;  Ranging 
the  Lines  and  Levelling  Under-Ground  ;  Sub-Excavating,  Timber- 
ing, and  the  construction  of  the  Brickwork  of  Tunnels ;  with  the 
Amount  of  Labour  required  for,  and  the  Cost  of  the  various  Por- 
tions of  the  Work.  By  Fredk.  W.  Simms,  F.R.A.S.,  F.G.S., 
M.  Inst.  C.E..  Author  of  **A  Treatise  on  the  Principles  and 
Practice  of  Levelling,"  &c.  &c  Second  Edition,  revised  by  W. 
Davis  Haskoll,  Civil  Engineer,  Author  of  "The  Engineer's 
-Id-Book,"  &c.  &c.  With  16  laige  folding  Plates  and  numerous 
►odcuts.     Imperial  8vo,  i/.  ij.  cloth. 
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Strength  of  Cast  Iron,  &c, 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS  ;  intended  for  the  Assistance  of  Engineers, 
Iron-Masters,  Millwrights,  Architects,  Founders,  Smiths,  and 
others  engaged  in  the  Construction  of  Machines,  Buildings,  &c.  ; 
containing  Practical  Rules,  Tables,  and  Examples,  founded  on  a 
series  of  New  Experiments  ;  with  an  Extensive  Table  of  the  Pro- 
perties of  Materials.  By  the  late  Thomas  Tredgold,  Mem.  Inst. 
C.E.,  Author  of  **  Elementary  Principles  of  Carpentry,"  **  History 
of  the  Steam-Engine,"  &c.  Fifth  Edition,  much  improved. 
Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to  which  are  added 
EXPERIMENTAL  RESEARCHES  on  the  STRENGTH  and 
OTHER  PROPERTIES  of  CAST  IRON  ;  with  the  Develop- 
ment of  New  Principles,  Calculations  Deduced  from  them,  and 
Inquiries  Applicable  to  Rigid  and  Tenacious  Bodies  generally.  By 
the  Editor.  The  whole  Illustrated  with  9  Engravings  and  nume- 
rous Woodcuts.     8vo,  \2s,  cloth. 

%*  Hodgkinson's  Experimental  Researches  on  the 
Strength  and  Other  Properties  of  Cast  Iron  may  be  had 
separately.    With  Engravings  and  Woodcuts.    8vo,  price  6j,  cloth. 

The  High-Pressure.  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst.  C.E.,  &c.  &c.  With  28  fine  Plates, 
8vo,  16^.  (>d.  cloth. 

"A  work  like  this,  which  goes  thoroughl)r  into  the  examination  of  the  high-pressure 
eng^e,  the  boiler,  and  its  appendages,  &c.,  is  exceedinely  useful,  and  deserves  a  place 
in  every  scientific  library." — Steam  Shipping  Chronicle. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Printed  on  48  Cards,  and  sold  in  a 
cloth  box,  waistcoat-pocket  size,  price  3^.  dd, 

**  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  die 
pocket — an  arrangement  that  will  recommend  them  to  all  practical  men." — Engineer. 

"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  wnich  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — Atheneenm. 

Laying  Out  Curves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  John  C.  Trautwine,  C.E., 
of  the  United  States  (extracted  from  SiMMS*s  W^ork  on  Levelling). 
8vo,  5j.  sewed. 
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Estimate  and  Price  Book. 

THE  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE  AND  PRICE  BOOK  for  Home  or  Foreign  Serwce : 
in  reference  to  Roads,  Railways,  Tramways,  Docks,  Hsrbours, 
Forts,  Fortifications,  Bridges,  Aqueducts,  Tumids,  Sewers,  Water- 
works, Gasworks,  Stations,  Barracks,  Wardiottses,  &c.  &€.  &c 
With  Specifications  for  Permanent  Way,  Td^raph  Materials, 
Plant,  Maintenance,  and  Working  of  a  Railway ;  and  a  Priced  List 
of  Machinery,  Plant,  Tools,  &c,  required  in  the  execution  of  Public 
Works.  By  W.  Davis  Haskoll,  C.E.  Hates  and  numerous 
Woodcuts.     Published  annually.     Demy  8vo,  doth,  dr. 

As  furnishiag  a.  variety  of  data  ob  evay  conoeivakUe  want  to  dvil  engiueeLS  and 
GOBtractors,  this  book  has  ever  stood  perhaps  tmrivaJled."— yf  yr^citor/,  Jaa.  21,  1671. 

*'  The  cai«  with  which  tlie  partiodars  are  arranged  icfleus  credit  upon  tiie  antnor, 
each  subject  bejog  divided  into  taUes  under  thieir  own  special  heads^  so  tiiat  no 
difficulty  arises  in  finding  the  exact  thin^;  one  wants.  The  value  of  the  wofk  to  the 
student  and  the  experioiced  contractor  is  Inestimable." — Mechanic's  Mae.,  Feb.  3. 

''Mr.  Haskoll  ha!s  bestowed  very  great  care  upon  the  prepandion  of  has  estanaates 
and  prices,  and  the  work  is  one  which  appears  to  us  to  be  in  every  way  deserving  of 
confidence." — Builder's  W^ly  Re^orter^  Jan.  27,  1871. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  RiTers, 
Towns'  Water  Suj^lies,  Docks  and  Harbotus ;  with  Desarrotion 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C,  E., 
Author  of  **  The  Engineer's  Field  Book,"  **  Examples  of  Bridge 
and  Viaduct  Construction,"  &c  Demy  8vo,  price  \zs,  6d.  doth, 
with  14  £(>lding  Plates,  and  numerous  Woodcuts. 

" '  Land  and  Marine  Surveyng'  is  a  most  useful  and  weil  arranged  book  fior  the 
aid  of  a  student  ....  We  can  strongly  recommend  it  as  a  carefully-written 
and  valuable  text-book." — Builder^  July  14,  1868. 

**  He  only  who  is  master  of  his  sdsject  can  pMscnt  it  in  soch  a  way  as  to  make  it 
infe^Kgible  to  the  meanest  capacity.  It  is  in  this  diat  Mr.  Haskoll  excels.  He  has 
knowledge  and  experience,  and  can  so  give  earpression  to  it  as  to  make  any  matter  on 

which  he  writes,  clear  to  die  yoiuigest  pupil  m  a  surveyor's  office The 

work  will  be  found  a  useful  one  to  men  of  experience,  for  there  are  few  such  who  wiU 
not  get  some  good  ideas  from  it ;  but  it  is  indispensable  to  the  young  practztieper.*'-* 
Cfflliaty  Gusirdian^  May  9,  x868. 

"  A  volume  which  cannot  fail  to  prove  of  the  utmost  practical  xitility.  ....  It 
is  one  which  nay  be  safely  recommended  to  all  students  wdio  a^iire  to  '^^'^^vf^r^  dean 
and  expert  surveyors ;  and  from  the  exhaustive  manner  in  which  Mr.  HaslEoH  has 
placed  nis  long  experience  at  the  disposal  of  his  readers,  th^  will  henceforth  be  no 
excuse  for  the  complaint  that  young  practitioners  are  at  a  disadvantage,  through  the 
neglect  of  their  seniors  to  point  oat  the  importance  of  rainute  details,  aiaoe  they  can 
readily  supply  the  deficiency  by  the  study  of  the  voknne  now  -onder  coBaidferatiaa.'*— 
Minmg  yoM»nal^  May  5,  x668. 

Engineering  Fieldwork, 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
•  applied  to  Land  and  Hydraulic,  Hydrogntphic,  and  Submarine 
Surve3ring  and  Levelling.  Second  Edition,  revised,  with  consider- 
aHe  additions,  and  a  Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  Haskoll,  C.E.  Numerous  folding  Plates.  Demy  Sro,  2 
ols.  m  one,  cloth  boards,  i/.  is,  (published  at  2/.  4J.) 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Maaual  and  Steam  Fire -Engines,  their  Construc- 
tion, Use,  and  Management ;  Remarks  on  Fire- Proof  Build- 
ings, and  the  Preserration  of  Life  from  Fire  ;  Statistics  of  the  Fire 
Appliances  in  English  Towns ;  Foreign  Fire  Systems ;  Hints  for 
the  formation  o^  and  Rules  for.  Fire  Brigades  ;  and  an  Account  of 
American  Steam  Fne-Engines.  By  Charles  F.  T,  Young,  C.E., 
Author  of  **  The  Economy  of  Steam  Power  on  Common  Roads," 
&C.  With  numerous  lUastxations,  Diagrams,  &c.,  handsomely 
printed,  544  pp. ,  demy  8yo,  price  i/.  4r.  doth. 

*'  A  Xargt  w«Il-iiMed  and  meful  book  upon  a  subject  which  possesses  a  wide  and 

iacrettsiiiff  imUic  interest To  such  of  our  readers  as  are  interested  in  the 

subject  of  wes  and  fire  apparatus  we  can  most  heartily  commend  this  book.  .... 
It  IS  really  the  only  English  work  we  now  have  upon  the  subject." — Engineering. 

"  Great  credit  is  unquestionably  due  to  Mr.  Young  for  having  brought  before  the 
pubfic  the  results  of  his  exploration  in  this  hitherto  untrodden  neld.  We  stron^y 
recommend  the  book  to  the  notice  of  all  who  are  in  any  way  interested  in  fires,  ue- 
ei^nes,  or  fiie-brigades." — Mechanic^  Magaxine. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  i2mo,  3j>.  (xi,  Widi 
an  Atlas  of  Plates,  containing  235  Illustrations.    4to,  6r.     \^Ready. 

''We  cordially  commend  these  i»ges  to  the  working  miners  and  artisans,  whose 

best  interest  Mr.  Morgan's  work  is  in  every  respect  calculated  to  promote 

He  has  beyond  all  question  made  a  very  substantial  and  much  needed  contribudon  to 
Che  Art  literature  of  an  important  branch  of  English  industry." — Mechanics*  Magor' 
sine,  Oct.  38th,  X87X. 

"  Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordinate  officials  in 
mines,  and  even  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical 
knowledge  and  useful  hints  by  the  study  of  Mr.  Morgan's  Manuid." — Colliery 
Guardian,  Sept.  8th,  1871. 

*' A  very  valuable  wodc^  which  it  is  not  unreasonable  to  suppose,  if  it  be  renerally 
taken  up,  will  tend  materially  to  improve  our  mining  literature." — Mining  Jeurnai, 
Sei»t.  9th,  1871. 

Earthwork^  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C£.»  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagxasns.     i8mo,  2.r.  6t/.  doth. 

"  As  a  really  handy  book  for  reference,  we  know  of  no  work  eqttal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  mid  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices.'' — Artizan. 

**  The  object  of  this  little  book  is  an  investigation  of  all  the  principles  requisite  for 
the  maenrement  and  caleolatian  of  earthworks,  and  a  ceosideration  of  the  data  neces- 
ovy  fer  sucb  aperatiops.    The  autW>r  has  evidently  bestowed  much  eare  in  effecting 
this  object,  and  points  out  with  much  clearness  thie  results  of  his  own  observations 
derived  from  practical  experience.    The  subjects  treated  of  are  accompanied  by  w 
executed  diagramB  and  instnictrve  examples." — Army  and  Navy  Gaaette. 
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Field-Book  for  Engineers, 


*t 


THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  Davis  Haskoll,  Civil 
Engineer.  Second  Edition,  much  enlai^ed,  consisting  of  a  Series 
of  Tables,  with  Rules,  Explanations  of  Systems,  and  Use  of  Theo- 
dolite for  Traverse  Surveying  and  Plotting  the  Work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only ;  Levelling 
with  the  Theodolite,  Casting  out  and  Reducing  Levels  to  Datum, 
and  Plotting  Sections  in  the  ordinary  manner;  Setting  out  Curves 
with  the  Theodolite  by  Tangential  Angles  and  Multiples  with  Right 
and  Left-hand  Readings  of  the  Instrument;  Setting  out  Curves 
without  Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of 
Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep  cal- 
culated for  every  6  inches  in  depth.  With  numerous  wood-cuts, 
i2mo,  price  12s,  cloth. 

'A  very  useful  work  for  the  practical  engineer  and  surveyor.  Every  persoc 
ensased  in  engineering  field  operations  will  estimate  the  importance  of  sudi  a  work 
and  ute  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable 
tables  prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume." — Xau- 
way  News. 

"The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existmg  all  the  same." — Athencntm. 

"  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portabilit)' 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.* — Mining 
youmaL 

**  We  know  of  no  better  field-book  of  reference  or  collection  of  tables  than  that 
Mr.  HaskoU  has  given. *' — Artizan. 

"  A  series  of  tables  likely  to  be  very  useful  to  many  civil  engineers." — Building  News. 

I' A  very  useful  book  of  tables  for  expediting  field-work  operations.  .  .  .  The  present 
edition  has  been  much  enlarged." — Mechanic^  Magazine. 

*'  We  strongly  recommend  this  second  edition  of  Mr.  HaskoU's  '  Field  Book'  to  all 
classes  of  surveyors." — Colliery  Guardian. 

Railway  Engineering. 

THE  PRACTICAL  RAILWAY  ENGINEER.  A  concise 
Description  of  the  Engineering  and  Mechanical  Operations  and 
Structures  which  are  combined  in  the  Formation  of  Railways  for 
Public  Traffic ;  embracing  an  Accoimt  of  the  Principal  Works  exe- 
cuted in  the  Construction  of  Railways ;  with  Facts,  Figures,  and 
Data,  intended  to  assist  the  Civil  Engineer  in  designing  and  executing 
the  important  details  required.  By  G.  Drysdale  Dempsey,  C.E. 
Fourth  Edition,  revised  and  greatly  extended.  With  71  double 
quarto  Plates,  72  Woodcuts,  and  Portrait  of  George  Stephenson. 
One  large  vol.  4to,  2/.  12s,  6d,  cloth. 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS.  By 
Thomas  Stevenson,  F.RS.E.,  M.LC.E.  Reprinted  and  en- 
larged from  the  Article  **Harbours,"  in  the  Eighth  Edition  of  **  The 
Encyclopedia  Britannica."  With  10  Plates  and  numerous  Cuts. 
«vo,  lar.  6d.  cloth. 
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Bridge  Construction  in  Masonry ^   Timber^  and 
Iron. 

EXAMPLES  OF  BRIDGE  AND  VTADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.  Imp.  4to,  price  2/.  I2J.  6^. 
lialf-morocco. 

"  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  every-day  practice  of  uie  railway  engineer.  ...  A  work  of 
the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invaluable  to 
hundreds.  The  tables  of  estimates  appended  to  this  edition  will  considerably  enhance 
its  value.  "--^«^£«rrrr>/^. 

"  We  must  express  our  cordial  approbation  of  the  work  just  issued  by  Mr.  Haskoll. 
.  .  .  .  Besidesexamplesof  the  best  and  most  economical  forms  of  bridge  construction, 
the  author  has  compiled  a  series  of  estimates  which  cannot  fail  to  be  of  service  to  the 
practical  man.  .  .  .  The  examples  of  bridges  axe  selected  from  those  of  the  most  notable 
construction  on  the  different  lines  of  the  kingdom,  and  their  details  may  consequently 
be  safely  followed." — Railway  News. 

*'  A  very  valuable  volume,  and  may  be  added  usefully  to  the  library  of  every  young 
e  ngineer. '  —Builder. 

"  An  excellent  selection  of  examples,  very  carefully  drawn  to  useful  scales  of  pro- 
portion. " — A  rtizan. 

Mathematical  and  Drawing  Instruments. 

A  TREATISE  ON  THE  PRINCIPAL  MATHEMATICAL 
AND  DRAWING  INSTRUMENTS  employed  by  the  Engmeer, 
Architect,  and  Surveyor.  By  Frederick  W.  Simms,  F.G.S.,  M. 
Inst.  C.E.,  Author  of  "Practical  Tunnelling,"  &c.  &c.  Third 
Edition,  with  a  Description  of  the  Theodolite,  together  with  Instruc- 
tions in  Field  Work,  compiled  for  the  use  of  Students  on  commenc- 
ing practice.     With  numerous  Cuts.     i2mo,  price  3^.  6^.  cloth. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with 
Plates.     Imperial  8vo,  price  &$-.  cloth. 

*^^*   The  small  remaining  stock  of  this  work^  which  has  been  un^ 
obtainable  for  some  time,  has  just  beeft  purchased  l^  LOCK  WOOD  &  Co. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,'  with  13  large  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.E.     Imperial  8vo,  I2j.  cloth. 

**  The  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Buck's 
treatise,  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

•*  A  very  complete  treatise  on  the  subject,  re-edited  by  Mr.  Barlow,  who  has  added 
to  it  a  method  of  making  the  requisite  calculations  without  the  use  of  trigonometrical 
formulae.  ^*-~Builder. 
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WeaUs  Series  of  Rudimentofy  Works. 

TheM  highly  poimlar  and  cheap  Seriea  of  Books,  -aaw  eomprislng 
aearij  Three  Hundred  dtetlnet  Woi^s  in  atanoet  eioy  department  of 
Bcienoe,  Art,  and  Xdnoaiton,  are  zeoommended  to  «he  notloe  of  Zn- 
gineere,  Arohiteote,  Builders,  Artisans,  and  Btadeots  geueraUy,  as  well 
as  to  fboae  interested  in  Workmen's  Ubraries,  JPree  Idtararies,  littenry 
and  SeleBttflo  Instttations,  Colleges,  Eksfaoois,  Boienoe  Glasses,  te.,  fto. 

Zilsts  of  the  several  Beries  may  be  had  on  aippUoatlon  to  IiOGKWOOD 
*  GO. 

The  fiUowing  is  a  SdecHon  of  the  Works  on  Ciml  Enginetrii^^  ^k,— 

STEAM  ENGINE.    By  Dr.  Laxdnbk.    xx. 

TUBULAR  AND  IRON  GIRDER  BRIDGES,  mdndioK  the  Brrtansk  and 
CoDway  Bridges.    By  G.  D.  Dsupskt.    u.  6^. 

ST&AM  BOILERS,  thdr  ConatractioB  and  Mana«cnienL  Bj  R.  Abmstbong. 
Wkh Additions.,   zs.td. 

RAILWAY  CONSTRUCTION.    By  Sn  M.  Stsphekson.    New  Editim,  u.  U 

STEAM  ENGINE,  Mathematical  Theory  of.    By  T.  Baxsr.    u. 

ENGINEER'S  GUIDE  TO  THE  ROYAL  AND  MERCANTILE  NAVI£S. 
By  a  Practical  Engineer.     Revised  by  D.  F.  McCarthy,     ^r. 

LIGHTHOUSES,  their  Construction  and  lUamiaatkm.    By  Ai.an  Stsvsiisov.   y- 

CRANES  AND  MACHINERY  FOR  RAISING  HEAVY  BODIES,  the  Art  of 
Constructing.    By  J.  Glymn.     zx. 

CIVIL  ENGINEERING.    By  H.  Law  and  G.  R.  Burnbix.    N^ewEtStum,  9- 
DRAINING  DISTRICTS  AND  LANDS.  By  G.  D.  Dbmpsey.  rs.6d.  1      Tht 
DRAINING  AND  SEWAGE  OF  TOWNS  AND  BUILDINGS.   By  J-awkini, 
G.  D.  Dbmpsry.    as.  J       V' 

WELL-SINKING,  BORING,  AND  PUMP  WORK.  By  J.  G.  Swdisbu: 
Revised  by  G.  R.  Burhsll.    zx. 

ROAD-MAKING  AND  MAINTENANCE  OF  MACADAMISED  ROADS 
By  Gbn.  Sir  J.  Burgoynb.    ix.  6d. 

AGRICULTURAL  ENGINEERING.  BUILDINGS,  MOTIVE  POWERS, 
FIELD  MACHINES,  MACHINERY  AND  IMPLEMENTS.  By  G.  H. 
Andrrws,  C.E.    3X. 

ECONOMY  OF  FUEL.    By  T.  S.  Pridbaux.    zx.  6d. 

EMBANKING  LANDS  FROM  THE  SEA.    By  J.  Wiggins,    ax. 

WATER  POWER,  as  applied  to  Mills,  &c.     By  J.  Glyrn.    ^s. 

GAS  WORKS,  AND  THE  PRACTICE  OF  MANUFACTURING  AM) 
DISTRIBUTING  COAL  GAS.    By  S.  Huchbs,  CE.    3X. 

WATERWORKS  FOR  THE  SUPPLY  OF  aTIES  AND  TOWNS.  By  S. 
Hughbs,  C.£.    3x. 

SUBTERRANEOUS  SURVEYING,  AND  THE  MAGNETIC  VARIATION 
OF  THE  NEEDLE.    By  T.  Fbnwick,  with  Additions  by  T.  Bajcbr.    u.  ^ 

CIVIL  ENGINEERING  OF  NORTH  AMERICA    By  D.  Stbtkmsok.    3/. 

HYDRAULIC  ENGINEERIN&    By  G.  R.  Burmkll.    3c 

RIVERS  AND  TORRENTS,  with  the  Method  of  R^ukting  thdr  Course  and 
Channfh,  NatvigaUe  Canals,  &c.,  fipoBH  the  Italian  of  Paul  Frisi.    ax.  6dl 

COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.  By 
C.  Wyb  Wiluams,  M.I.CE.    3X. 

WATER  POWER,  as  apfilied  to  MiUs,  &c     By  J.  Gltbk.    ac 

MARINE  ENGINES  a*d  STEAM  VESSELS  ard  thb  SCREW.    By  Robekt 
•   Murray,  CE.    Fi/tkEditum.    y. 
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ARCHITECTURE,   &c. 

Construction, 

THE   SCIENCE  of  BUILDING :  an  EleaBeiitary  Treatise  on 

the  Principles  of  Construction.     By  E.  Wyndham  Tarn,  M.A., 

Architect.     Illustrated  with  47  Wood  Engravings.     Demy  Svo, 

price  %s.  (yd.  cloth.  \Recmtly jbublished, 

*'  A  very  yahiable  book,  which  we  strongly  recommeiid  to  ail  stxidtxas."-'B$aider. 

**  While  Mr.  Tarn's  valuable  little  volume  is  quite  sufficiently  scientific  to  answer 

the  purposes  intended,  it  is  written  in  a  style  that  will  deservedly  make  it  popular. 

The  diaKrans  are  numerous  and  exceedingly  well  executed,  and  the  treatise  does 

credit  alike  to  the  author  and  the  pnhlxshcr.—EMgineer,  Feb.  17,  1871. 

**  No  architectural  student  should  be  without  this  hand-book  of  constructional 
knowledge." — A  rchiieci. 

*' The  book  is  very  izr  from  being  a  nem  compilation ;  it  is  an  able  digest  of 
information  which  is  cmly  to  be  fbuna  scattered  through  various  wmks,  and  contains 
more  really  original  writing  than  many-putting  forth  far  stronger  claims  to  originality." 
—'Engimsermg^, 

Beaton's  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  accordiag  to  the  present  value  of  material 
and  labour.  By  A.  C,  Beaton,  Author  of  *  Quantities  and 
Measurements.'   33  Woodfcuts.     Leather,  waistcoat-pocket  size.  2.r. 

Beaton! sBtulders^anctSufDeyors'  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Constmction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  with  a  Treatise  on  the  Measurement  of 
Timbers;,  and  Complete  Specifications  for  Houses,  Roads,  and 
Drains.  By  A.  C.  Bhaton,  Author  of  *  Quantities  and  Measure- 
ments.'   With  19  Woodcuts.     Leather.     Waistcoat  pocket  size. 

\Nearly  ready. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  Wlckes,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of 
England,"  &c.  First  Series,  consisting  of  30  Plates  ;  Second 
Series,  31  Plates.  Complete  in  i  vol.,  4to,  price  2/.  lor.  half 
morocco.  Either  Series  separate,  price  \l.  js.  each,  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 

architect,  and  they  will  prove  very  valuable  and  suggestive  to  ardiitects,  students,  and 

amateurs." — Buidding  News. 

The  Architect's  Guide. 

THE  ARCHITECTS  GUIDE ;  or,  Office  and  Pocket  Com- 
panion for  Engineers,  Ardiitects,  Land  and  Building  Surveyors, 
Contractors,  Builders,  Clerks  of  Works,  &c  By  W.  Davis 
Haskoll,  C.E.,  R.  W.  BiLLiNOS,  Architect,  F.  Rogers,  and 
P.  Thompson.  With  numerous  Experiments  by  G.  Rennie, 
C.E.,  &c.     Woodcuts,  i2mo,  cloth,  price  3J.  dd. 
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Vtiruvius^  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 
Numerous  Plates.    i2mo,  cloth  limp,  price  5^. 

The  Young  Architects  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  Georgk  Wight- 
wick,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c 
Second  Editioiu    With  numerous  Woodcuts.    8vo,  *js.y  extra  cloth. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a  **  Rudimentary  Treatise  on  Per- 
spective for  Beginners."    With  14  Plates,  4to,  yj.  6^.,  boards. 

Contents. — I.  Practical  Rules  on  Drawing — Outlines.  II.  Ditto^the  Grecian 
and  Roman  Orders.  III.  Practical  Rules  on  Drawing — Perspective.  IV.  Practical 
Rules  on  Light  and  Shade.    V.  Practical  Rules  on  Colour,  &c.  &c 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERINCi 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  South  Kensington.  With  upwards  of  300  Plates  an(l 
Diagrams.     i2mo,  cloth,  strongly  bound,  4J.  6^.  [JVow  ready. 

CotfageSy  VillaSy  and  Country  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  i/.  u.,  cloth. 

WeaUs  Builders  and  Contractor s  Price  Book. 

THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK 
(Lock WOOD  &  Co.'s,  formerly  Weale's).  Published  Annually. 
Containing  Prices  for  Work  in  all  branches  of  the  Building  Trade, 
with  Items  numbered  for  easy  reference,  and  an  Appendix  of 
Tables,  Notes,  and  Memoranda,  arranged  to  afford  detailed  infor- 
mation, commonly  required  in  preparing  Estimates,  &c.  Originally 
Edited  by  the  late  Geo.  R.  Burnell,  C.E.,  &c.   i2mo,  4J.,  cloth. 

"A  multitudinous  variety  of  useful  information  for  builders  and  contractors 

A^th  its  aid  the  prices  for  all  work  connected  with  the  building  trade  may  be  c>u- 
mated. " — Building  News. 

**  Carefully  revised,  admirably  arranged,  and  clearly  printed,  it  ofTers  at  a  glance  a 
ready  method  of  preparing  an  estimate  or  specification  upon  a  basis  that  is  unquestion- 
able. A  reliable  b<y)k  of  reference  in  the  event  of  a  dispute  between  employer  and 
employed. " — Engineer. 

*'  Mr.  Burnell  has  omitted  nothing  from  this  work  that  could  tend  to  render  it 
valuable  to  the  builder  or  contrsictor.'^— Mechanic's  Magazine. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  Specifications  and  Contracts,  &c.,  &c.,  and  explained 
by  numerous  Lithograph  Plates  and  Woodcuts.  By  Professor 
Thomas  L.  Donaldson,  President  of  the  Royal  Institute  of  British 
Architects,  Professor  of  Architecture  and  Construction,  University 
College,  London,  M.I.B.A.,  Member  of  the  various  European 
Academies  of  the  Fine  Arts.  With  A  Review  of  the  Law  of 
Contracts,  and  of  the  Responsibilities  of  Architects,  Engineers, 
and  Builders.  By  W.  Cunningham  Glen,  Barrister-at-Law,  of 
the  Middle  Temple.  2  vols.,  8vo,  with  upwards  of  iioo  pp.  of 
text,  and  33  Lithographic  Plates,  cloth,  2/.  2j.    (Published  at  4/.) 


(( 


In  these  two  volumes  of  x,xoo  pa^es  (together),  forty-four  specificsitions  of  executed 
works  are  given,  including  the  specimations  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Charles  Barry,  and  for  the  new  Royal  Exchange,  by  Mr.  Tite,  M.P.  The 
latter,  in  particular,  is  a  very  complete  and  remarkable  document  It  embodies,  to  a 
great  extent,  as  Mr.  Donaldson  mentions,  '  the  bill  of  quantities,  with  the  description 
of  the  works,'  and  occupies  more  than  xoo  printed  pages. 

"Amongst  the  other  known  buildings,  the  specincations  of  which  are  given,  are 
the  Wiltshire  Lunatic  Asylum  (Wyatt  and  Brandon)  ;  Tothill  Fields  Prison  (R.  Abra- 
ham) ;  the  City  Prison,  HoUoway  (Bunnine) ;  the  High  School,  Edinburgh  (Hamilton) ; 
Clothworkers'  Hall,  London  (Angel) ;  Wellington  College,  Sandhurst  (J.  Shaw) ; 
Houses  in  Grosvenor  Square,  and  elsewhere ;  St.  George's  Church,  Doncaster 
Scott) ;  several  works  of  smaller  size  by  the  Author,  including  Messrs.  Shaw's  Ware- 
house in  Fetter  Lane,  a  ve^  successful  elevation  ;  the  Newcastle-upon-Tyne  Railway 
Station  (J.  Dobson)  ;  new  Westminster  Bridge  (Page) ;  the  High  Level  Bridge,  New- 
castle (K.  Stephenson)  ;  various  works  on  the  Great  Northern  Railwav  (Brydone) ; 
and  one  French  specification  for  Houses  in  the  Rue  de  Rivoli,  Paris  (MM.  Armand, 
HittorfT,  Pellechet,  and  Rohault  de  Fleury,  architects).  The  last  is  a  very  elaborate 
composition,  occupying  seventy  pages.  The  majority  of  the  specifications  have  illus- 
trations in  the  shape  of  elevations  and  plans. 

*'  We  are  most  glad  to  have  the  present  work.  It  is  valuable  as  a  record,  and  more 
valuable  still  as  a  hook  of  precedents. 

"  About  140  pages  of  the  second  volume  are  appropriated  to  an  exposition  of  the 
law  in  relation  to  the  legal  liabilities  of  engineers,  architects,  contractors,  and  builders, 
by  Mr.  W.  Cimningham  Glen,  Barrister-at-law ;  intended  rather  fur  those  persons 
than  for  the  legal  practitioner.  Suffice  it,  in  conclusion,  to  say  in  words  wnat  our 
readers  will  have  eathered  for  themselves  from  the  particulars  we  have  given,  that 
Donaldson's  Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder, 

w 

Mechanical  Engineering. 

A  PRACTICAL  TREATISE  ON  MECHANICAL  ENGI- 
NEERING :  comprising  Metallurgy,  Moulding,  Casting,  Forging, 
Tools,  Workshop  Machinery,  Mechanical  Manipulation,  Manufac- 
ture of  the  Steam  Engine,  &c.  &c.  "With  an  Appendix  on  the 
Analysis  of  Iron  and  Iron  Ore,  and  Glossary  of  Terms.  By  Francis 
Campin,  C.E.  Illustrated  with  91  Woodcuts  and  28  Plates  of 
Slotting,  Shaping,  Drilling,  Punching,  Shearing,  and  Riveting 
Machines — Blast,  Refining,  and  Reverberatory  Furnaces — Steam 
Engines,  Governors,  Boilers,  Locomotives,  &c.  Demy  8vo,  cloth, 
price  I2J. 
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Grantham  s  Iron  Ship-Building,  enlarged. 

'  ON  IRON  SHIP-BUILDING ;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imfx  4to»  boaids,  enhuged  from  24  to  40 
Plates  (21  quite  new),  induding  the  latest  Esouni^es.  Together 
with  separate  Text,  i3no,  dodi  limp,  also  considerably  enlarged, 
By  John  Grantham,  M.  Inst  C£.,  ftc.     Prioe  2/.  2f.  complete. 

DeserifftUn  of  Fiaia, 

15&  Doidie  Lever  Punduner  aad  Shearing 
Machme,  aummged  for  cuttiiig 
Aade  and  T  Iron,  with  Dividing 
Table  and  Engine. 

16.  JtfArAMcr.— Oarfordx's  Riveting  Ma- 
chflM,  DriOkag  and  Counter-Sinking 
Madiane; 

16a.  Plate  Plaiung  Machine; 

17.  Air  Fitmace  for  Headne  Plata  and 
ABgle>Iixm  :  Various  IVxib  used  in 
Riveting^  and  Plating. 

x8.    CmmvMh;  Ked  amd  Vliaaaag',  Iho 

for  Sneauiinc  wxtn  Oopper. 
i8a.  Grantham's  Improved  F»n  of  Sheath- 
ing- Iron  Ships  with  Copper. 

lUustradons  of  the  M  a^ietic  Condi- 
tion of  vaxxms  Iron  Ships. 

Gray's  Floating  Compass  and  Bin- 
nacle, with  Adjusting  Magnets,  &c- 

Corroded   Iron    Bolt    in    Fzame  of 
Wooden  SWp ;  Jointing  Plates. 

.  Great  EasUtw  Longitudinal  Sec- 
tions and  Half-hreada  Flans— STuI- 
ship  Section,  vrith  Details — Sectioo 
in  Engine  Room,  and  PsKidle  Boxes 
Paddle  Steam  Vessel  of  SteeL 
27.    5'<»r»fMi^— FMMleVessdofStttL 

a6-9.  Propoaed  Passenger  Steauner. 
30.    Persmm—lron  Screw  Steauner. 

Mid^   Section    of  H.M.    Steun 

Frigate,  Warrior. 
Midship   Section   of   H.M.    Steam 

Frigate,  Hemdes, 
Stem,   Stem,  and  Rodder  of  H>3i- 

Steam  Frigate,  BeUervfhan, 
Midship  Section  of  H.  M.  Troop  Ship. 

Iron  Floadng  Dock. 


I.    Hollow  and  Bar  Keeb,  Stem  and 

Stem  Posts.  [PiKes- 

a.    Side  Frames,  Floorings,  and  Bilge 

^    Floorings  rMt/a'mv^i/ — Keelsons,Dec]c 

Beanns,  Gunwales,  and  Strineers. 
4.    GuBwdes  camiinmed —  Lower  fieclcs, 
and  Orlop  Beams. 

GunwaJes  and  Deck  Beam  Iron. 

Angle-Iron,  T  Iron,  Z  Iron,  Bulb 
Iron,  as  Rolled  for  Building. 

Rivet^  shown  in  section,  naturad  size ; 
Flush  and  Lanied  Joints,  with 
Single  and  Donbfe  Riveting. 

Hataw,  three  plauis ;  Bulkheauis  and 
Modws  of  Securing  them. 

Iron  Masis,  with  Longitudinal  amd 
Transverse  Sections. 

Sliding  Ked,  Water  Bdla8t,Movlding 
the  Frames  in  Iron  Ship  Btulding, 
LevdUi^  Plates. 

Longitudinal  Section,  and  Hdf- 
bieadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scade. 

Midship  Sectionsof  Three  Vessels. 

Large  Vtsttl,  showing  DetaiSs — Forg 
End  in  Section,  and  End  View, 
with  Stem  Post,  Cnitdies,  Arc 

Large  l^etselfShomng  XytXaSdor^AJUr 
End  in  Section,  with  End  View, 
Stem  Fraune  for  Screw,  auid  Rudder. 

Large  ^«s<r/,  showing  Details ->JfiH^ 
sktp  SectionAaiM  breauith. 
15.  Madtines  for  Pundiing  and  Sheaning 
Plates  and  Angle-Iron,  and  for 
Bending  Plates  ;  Rivet  Hearth. 
X5«.  Beam-Boiding  Madiine,  Indepen- 
dent Sheaning,  PwnchingaaMJ  Angje- 
Iron  Madune. 
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"An  enlarged  edition  of  am  elaborately  illustrated  work.*' — Buildery  July  xx,  x868. 

"  This  edition  of  Mr.  Gramtham's  work  has  been  enlauged  aad  improved,  both  inA 
respect  to  the  text  auid  the  en^^vings  bein^  brought  down  to  the  present  period  •  ■ 
The  practical  t^wrations  required  in  produaag  a  aoipare  described  amd  illostrated  with 
csue  and  precision." — Meciuuiics*  MagaztMe^  July  xy,  x868. 

"  A  thorouehly  practicd  work,  and  every  question  of  the  many  in  relatmn  to  iron 
shipping  whioi  admit  of  diversity  of  opinion,  or  have  vauious  auid  ccmflicting  petsooal 
ttterests  attached  to  them,  is  treated  with  sober  and  impaurtial  wisdom  amd  good  sense. 
.  .  .  .  As  good  a  volume  for  the  iautroction  of  the  pnpii  or  student  of  iron  naval 
architecture  as  can  be  found  in  any  language."— /'yar^/i/  Mechanic's  yonnuU, 
August,  1868. 

*•  A  voy  elaborate  work.     ...     It  forms  a  most  valuable  addidon  to  die  history 

or  tfon  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 

hu  ^dy  for  rnaay  years,  and  whose  qnalifications  have  been  lepeatedly  lecegaised, 

S'?S'««  "jSr;  xt  ^i'sm!'^^  ""^^'^  '°  "^^  interested  in  sh^ildii^.^^.^;- 
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CARPENTRY,  TIMBER,  &c. 

4 

Trtdgold^s  Carpentry ^  new  &  enlarged  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptiais  uf  the  Kinds  of  Wood  used  in  Building ;  also 
numerous  Tables  of  the  ScantUi^  of  Timber  for  dilTeyent  purposes, 
the  Specific  Gravities  of  Materiads,  &c.  Bj  Thomas  Tredgold, 
C.E.  Edited  by  Petkr  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (i  i  of  whidi  now  first  appear 
in  this  edition).  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  4to,  published  at  2/.  2;r.,  leduced  to  i/.  y.,  doth. 

'^  'Tredgold's  Carpenbry'  on^it  to  be  in  erery  architect's  and  every  builder's 
library,  ai^  those  who^  do  not  already  possess  it  ought  to  avail  themselves  of  the  new 
issue.  — Builder^  April  9,  1870. 

A  work  whose  monumental  exodlesce  must  commend  it  wherever  skilful  car- 
I>entry  is  ccmcemed.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time,  and,  as  now  presented,  combine  the  surest  base  with  the  most  interestmg  display 
of  progressive  science.  The  additional  plates  are  of  great  intrinsic  y93iWtJ*~-BuUdtng 
NeufSf  Feb.  25,  187a 

'"Tredgold's  Carpentry'  has  ever  held  a  high  position,  and  the  issue  of  the  fifth 
edition,  in  a  still  more  improved  and  enlarged  form,  will  give  satisfactioa  to  a  very 
iarse  number  of  artisans  who  desire  to  raise  themsdves  m  their  baisiness,  and  who 
setjc  to  do  so  by  displaying  a  greater  amonnt  of  knowledge  and  intelligence  than  their 
fellow-workmen.  It  is  as  con^lete  a  work  as  need  be  desired.  To  the  superior 
workman  the  volume  will  prove  mvaluable ;  it  contains  treatises  written  in  language 
which  he  will  readily  comprehend" — Mining  youmal^  Feb.  12,  1870. 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 
and  BUILDER'S  STANDARD  GUIDE.  By  Richard  E. 
Grandy.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  Duty,  &c, 
&c.  ;  together  with  Copious  Information  for  the  Retailer  and 
Builder.     i2mo,  price  7 J.  ttL  cloth. 


"  £veryt]ung  it  pretends  to  be :  buih  im  gzadnally,  it  leads  one  rom  a  forest  to  a 
cnaiL  and  throws  in,  as  a  makeweight,  a  host  of  material  ooneemirap  bricks,  columns, 
&c.— >kU  that  the  dass  to  whom  it  appeals  requires." — Englitk  Mtckanic, 


"  The  only  difficulty  we  have  is  as  to  what  is  btot  in  its  pages.  "What  we  have  tested 
ol  the  coBtentSytaken  at  random,  is  invariably  correct."— //^i»/r»/«i^^iMi&ikr'j  journal, 

TaJ>lesfor  Packing-Case  Makers. 

PACKING-CASE  TABLES;  showmg  the  number  of  Superficial 

Feet  in  Boxes  or  Packing-Cases,   from  six  inches  square    and 

upwards.      Compiled  by  William  Richardson,  Accountant. 

Oblong  4to,  cloth,  price  3J.  (id, 

"  WtU  save  much  labour  and  calculation  to  packing-case  makers  and  those  who  use 
podcias-cases."— -Crfwc/r.  "  Invaluable  labour-saving  tables." — Iroitmmtgtr. 
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Nicholsons  Carpenters  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principle^ 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standsml  work.  A  new  Edition,  revise. 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  or. 
Drawing,  by  George  Pyne.     With  74  Plates,  4to,  i/.  ij-.  cloth. 

Dowsing' s  Timber  Merchant's  Companion, 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduce<I 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  William  Dowsing, 
Timber  Merchant.     Second  Edition.     Crown  8vo,  3^.  cloth. 

"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  n« 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it,  because  such  possession 
would,  with  use,  unquestionably  save  a  very  great  deal  of  time,  and,  moreover,  ensure 
perfect  accuracy  in  c^culations.  There  is  also  another  class  besides  these  who  ought 
to  possess  it ;  we  mean  all  persons  engaged  in  carrying  wood,  where  it  is  reauisite  to 
ascertain  its  weight.  Mr.  Dowsing's  tables  provide  an  easy  means  of  doing  thiN. 
Indeed  every  person  who  has  to  do  with  wood  ought  to  have  it." — Hull  Advertiser, 


MECHANICS,  &c. 


Mechanic's  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT  ;  comprising  a  great  variety  of  the  most 
useful  Rules  in  Mechanical  Science ;  with  numerous  Tables  of  Prac- 
tical Data  and  Calculated  Results.  By  W.  Templeton,  Author 
of  **The  Engineer's,  Millwright's,  and  Machinist's  Practical  As- 
sistant." Tenth  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  &c. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.     II  Plates.     i2mo,  5j.  bound.  \^Recently  published. 

.  *-^  *  text-book  of  reference,  in  which  mechanical  and  commercial  demands  are 
judiciously  met,  Templeton's Companion  staLndsunnya.\\cd.''—MecAaHics'Afa^aziMe. 
„, ,"  '^^ir^^h  adapted  to  the  wants  of  a  very  large  class.  It  has  met  with  great 
--n!^'"-^^  engmeenng  workshop,  as  we  can  tesufy  ;  and  there  are  a  great  many 
-n  Who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work.  **— Building  Nrivs, 
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Engineers  Assistant. 

THE  ENGINEER'S,  MILLWRIGHTS,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  W.  Templeton.     4th  Edition.     i8mo,  ^s.dd.  cloth. 

''So  much  varied  information  compressed  into  so  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers." — Mechanics*  Magazine. 

"  Every  mechanic  should  become  the  possessor  of  the  volume,  and  a  more  suitable 
present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made." 
— Building  Hews. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURING, and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  res- 
p)ectiye  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  several  useful  Tables  for  facilitating  Calculations  and 
Measurements.  By  E.  Wyndham  Tarn,  M.A.,  Architect.  8vo, 
I  Of.  td.  cloth.  \Just  publisJied. 

"  This  useful  book  should  be  in  every  architect's  and  builder's  office.  It  contains 
a  vast  amount  of  information  absolutely  necessary  to  be  known." — The  Irish  Builder. 

**  The  book  is  well  worthy  the  attention  of  the  student  in  architecture  and  surveying, 
as  by  the  careful  study  of  it  his  progress  in  his  profession  will  be  much  facilitated."— 
Mining  Joumal^  Feb.  it,  1871. 

**  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bell-hangmg,  that  is  not  fully  treated  upon  in  this  valuable 
•work," — The  Artizan^  March,  1871. 

"  Mr.  Tani  has  well  performed  the  task  imposed  upon  him,  and  has  made  many 
further  and 'valuable  additions,  embodying  a  large  amount  of  information  relating  to 
the  technicalities  and  modes  of  construction  employed  in  the  several  branches  of  the 

building  trade. From  the  extent  of  the  information  which  the  volume 

embodies,  and  the  care  taken  to  secure  accuracy  in  every  detail,  it  cannot  fail  to  prove 
of  the  highest  value  to  students,  whether  training  in  the  offices  of  provincial  surveyors, 
or  in  those  of  London  practitioners.^ — Colliery  Guardian^  February  xoth,  xSji. 

"  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  tide-pa|^e,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmented  its  value  to  students.  Finally,  it  is  only  just  to  the  pub- 
lishers to  add  that  the  book  has  been  got  up  in  excellent  style,  the  typography  being 
bold  and  clear,  and  the  plates  very  well  executed." — Engineering^  March  24,  1871. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  i  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
Engineers,  Timber  Merchants,  Builders,  &c.  By  James  Haw- 
kings.     Fcp.  y.  6d.  cloth. 
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MATHEMATICS,  &c. 

Gregory  s  Practical  Maihematics, 

MATHEMATICS  for  PRACTICAL  MEN  ;  heaag  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.     Deigned  chiefiy 
for  the  Use  of  Civil  EagiBcers,  Architects,  and  Snrve^rois.    Part  I. 
P(7RE  Mathematics—  aimpi isiiig  Arithsnetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curve. 
Part  II.  Mixed  Mathematics — comprising  Meckanics  in  general, 
Statics,    Dynamics,   Hydrostatics,    Hydrodynamics,    PneanBtics, 
Mechanical  Agents,  Strength  of  Materials.     With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.     By  Olinthus  Grkgokt, 
LL.  D. ,  F.R.  A.  S.     Enlai^ed  by  Henky  Law,  C.  E.     4th  Edition, 
carefully  revised  aad  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College ;  AuHior  of  "A  Course  oi 
Mathematics,"  &a    With  13  Plates.     Medium  Sro,  iL  is.  doth. 
"  As  a  standard  woik  on  mathenatics  it  1ms  not  been  eagefled.** — Artuan, 
'*  The  ei«iacer  or  architect  w9I  kere  find  readr  to  hb  luud,  raits  for  adhing  nearly 
CVC17  mathwnatical  dificuky  duit  may  arise  in  Us  pcactlce.    As  a  saodcRMbe  acquaint- 
ance with  arithmedc,  algebca,  and  elementary  geometry  is  absolst^y  necessary  to  the 
-osogex  understanding  of  the  most  useful  portions  of  tins  book,  die  author  very  wisely 
has  devoted  the  fnst  three  diapters  to  those  subjects,  so  that  die  most  ^oraat  may  be 
enabled  to  master  the  wisoie  or  the  book,  wkhout  aid  ^m  any  other.     llKTuksarem 
all  casM  eaipkuned  by  mcaas  of  esuapks,  in  which  every  step  of  the  process  is  deany 
woiked  out" — Builder. 

'*  One  of  the  most  serviceable  books  to  the  practical  mechanics  of  the  country.  •  • 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  bands  of  Mr.  Law,  "jrao 
revised  it  thoroughly,  renirrote  numy  cfaapteis,  and  added  several  sBCtimws  to  ^^ 
wluch  had  been  rendered  hnpcrfect  tiy  advsuiced  kaowkdge.  On  exannniaff  the  wanous 
and  many  improvements  which  he  introduced  into  the  woik,  they  seem  umost  luua 
new  structure  on  an  old  plan,  or  rather  like  the  restotalson  d[  an  old  ruin,  not  <>°yJ° 
its  farmer  substance,  but  to  an  extent  which  meets  the  latter  requivementsof  naoden 

times In  the  edition  just  brought  ont,  the  work  has  again  been  tensed  ay 

Professor  Toung.  He  has  modernised  tte  notation  throughoot,  xntrodnodi  >  'fY 
nanqiT*phs  here  and  there,  and  corrected  the  nmnenMis  typographical  emxs  whio^ 
have  escaped  the  eyes  of  the  former  Editor.  The  book  is  now  as  complete  as  it  >> 
BssBbfe  to  make  it We  have  carried  oobt  nodoe-of  tkbbsokto  aRreater 

lenjgdi  than  dke  space  allowed  ns  justified,  but  the  cKpuiiacuts  it  cantains  ue  » 
interesting,  and  the  method  of  describiag  them  so  clear,  that  we  may  beescn9»J^ 
oveestepprng  oar  timit.  it  is  an  instructive  hook  for  the  student,  aid  s  J^' 
book  for  htm  who  having  once  mastered  the  sid>jects  it  trcadsof^  needs  mtcasioaatiY^ 
Kfresh  his  memory  upon  dtem." — MtuUu^  Nnus. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  wMdi  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric^  System  at  present  in  use  on  the  Continent.  By  C.  H. 
DoWLiNG,  C.  E.     8vo,  lOf.  dd.  strongly  bound. 

"  Mr.  Dowling's  Tables,  which  are  well  pot  togctiwr,  csme  just  in  tisR  asarO'^/ 
reckoner  for  the  conversion  of  one  system  into  the  other." — Atkeneemn. 

'Their  accoracy  has  been  certified  by  Professor  Airy,  the  AstRaoiaer  Koyal."" 


•*»Moltttio« 8.---That  advanta«e  will  be  derived  from  die  teemit  aublication  of 
*Jajw  Tables  by  C.  H.  Doniiv.  C.E."— iP4a<w^«^^«rf*»i^  BriiukAMKiatun, 
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J^nwoocTs  Tables^  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &a,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
ether  corpomte  bodies ;  for  Terms  of  Years  certain,  and  for  lives  ; 
also  for  Valuing  Rererakmaiy  Estates,  Defored  Annuities,  'Next 
Fresestaticns,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Intextest,  and  an  £xtaisk)n  of  the  saiae  to  lower  and  IntemMsdiate 
Rates.  By  William  In  wood,  Axchxtect.  The  i8th  edition,  with 
consideiablie  additions,  and  new  and  valuable  Tables  of  Logarkhms 
for  the  more  Difficult  Computations  of  die  Interest  of  Money,  Dis- 
cousit,  Aaeuities,  &c,  by  M.  F^dor  Thom an,  of  the  Soci^e 
Credit  Mobilier  of  Paris.     i2mo,  %s,  cloth. 

%*  Tliis  eeSHon  \Jtke  \%tK\  differs  in  many  httpt//kmt  j^artuadars 
from  former  omes^  Tkeckat^s  consist^  first,  in  a  more  amfuement 
eind  systematic  arrangement  of  thenrigintd  Tables^  and  in  the  removal 
of  certain  numerical  errors  which  a  very  careful  revision  of  the  whole 
has  enabled  the  present  editor  to  discover;  and  secondly,  in  the 
extension  of  practical  utility  conferred  on  the  W9rk  by  the  introduction 
ef  Tables  now  inserted  fur  the  first  time.  This  new  and  important 
ituUter  is  all  so  much  actually  added  to  Inwood's  Tables  ;  nothing 
has  been  abstracted  from  the  original  collection:  so  that  those  who  have 
been  long  in  the  habit  of  consulting  Inwood  for  any  special  profes- 
sional purpose  vnll,  as  heretcfore,  find  the  information  sought  still  in 
its  pages. 

"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  wiU 
find  the  present  edition  of  eminent  service." — Engineering. 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Medianic ;  givii^  Rnles  lor  the  DelisiestioiL  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Takw, 
M.A.,  Architect,  Author  of  "The  Sdence  of  Building,"  &c. 
With  164  niustrations.     Demy  8vo.     12s.  6d.  [^JVbw  ready. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  TaUes  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  F^DOR  Thoman,  of  the  Societe  Credit  Mobilier, 
Paris.     i2mo,  cloth,  5/. 

"  A  very  powarful  work,  and  the  Autixn-  has  a  v«y  nanarkable  coanBiml  ti  Us 
subject," — Professor  A.  de  Morgan. 

**  No  hanker,  mocfaant,  tradesman,  or  man  of  bnsiiiess,  on^tt  to  be  wicfaoat  Mr. 
Thoman's  truly  'handy-book.' " — Review. 

*'  The  author  of  tiiis  *  handy-book  *  deserves  our  Aanks.'* — Insurance  Gaxette. 

"We  recommend  it  to  the  notice  of  actuaries  and  accountants." — Atkententn. 
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SCIENCE  AND  ART. 


The  Military  Sciences 

AIDE-M£M0IRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Ro^  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols,  royal  8vo,  extra 
cloth  boards,  and  lettered,  price  4/.  lor. 

"A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  m- 
dcbted." — Edinburgh  Review, 

"  The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  some  seventy-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  services.  .  .  .  The  work  claims  and  possesses  the  great 
merit  that  by  far  the  lareer  portion  of  its  subjects  have  been  treated  originally  by  the 
practical  men  who  have  oeen  its  contributors.  — Volunteer  Service  Gazette, 

Field  Fortificatio7i, 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  Royal  Military  Academy,  Woolwich.  Sixth 
Edition,  crown  8vo,  cloth,  with  separate  Atlas  of  12  Plates,  sewed, 
price  izr.  complete. 


e-  Wares  and  Colours. 


Dy 

THE   MANUAL  of  COLOURS   and    DYE-WARES:    their 

Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 

For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.     By  J. 

W.  Slater.     Post  8vo,  cloth,  price  *js,  6d,      [Recently  pubiishei, 

**  Essentially  a  manual  for  practical  men,  and  precisely  such  a  book  as  practical 
men  will  appreciate."— 5'c<^/i^<r  Review. 

**  A  complete  encyclopaedia  of  the  materia  tincteria.  The  information  given 
respecting  each  article  is  full  and  precise,  and  the  methods  of  determining  the  value 
of  articles  such  as  these,  so  liable  to  sophistication,  are  given  with  clearness,  and  are 
practical  as  well  as  vaXuahle."— Chemist  and  Druggist, 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism, Diamagnetism,  Electro-Dynamics,  Magno- Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S., 
Lecturer  on  Chemistry  at  St  George's  HospitaL  Fourth  Edition, 
entirely  rewritten.    Illustrated  by  500  Woodcuts.   8vo,  i/.  4r.  cloth. 

"  This  publication  fully  bears  out  its  title  of '  Manual'  It  discusses  in  a  satisfactory* 
manner  electricity,  frictional  and  voltaic,  thenno-electt>city,  and  electro-physiology.'' 
— Athemgutn. 

"The  commendations  already  bestowed  in  the  pa^es  of  the  Lancet  on  the  former 
editions  of  this  work  are  more  than  ever  merited  by  the  present  The  accounts  given 
of  electricity  and  galvanism  are  not  only  complete  m  a  scientific  sense,  but,  which  L.  a 
rarer  thmg,  are  popular  and  interesting."— Z^anr^/. 
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Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY:  in- 
eluding  Magnetism,  Voltaic  Electricity,  Electro-Magnetism,  Dia- 
magnetism,  Magneto-Electricity,  Thenno-Electricity,  and  Electric 
Tel^japhy.  Being  a  Condensed  Resume  of  the  Theory  and  Ap- 
plication of  Electrical  Science,  including  its  latest  Practical  Deve- 
lopments, particularly  as  relating  to  Aerial  and  Submarine  Tele- 
graphy. By  Henry  M.  Noad,  Ph.D.,  Lecturer  on  Chemistry  at 
St.  George's  Hospital.     Post  8vo,  400  Illustrations,  izr.  (id,  cloth. 

'*  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a  good 
index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indispensable." 
— Athenttum. 

*'  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism,  and  of  the 
theories  which  have  been  advanced  concerning  them." — Popular  Science  Review, 

'*  Clear,  compendious,  compact,  well  illustrated,  and  well  printed,  this  is  an  excel- 
lent manual." — Lancet. 

**  We  can  strongly  recommend  the  work,  as  an  admirable  text-book,  to  every  student 
—beginner  or  advanced^^f  electricity." — Engineering^. 

**  The  most  complete  manual  on  the  subject  of  electricity  to  be  met  with.** — Observer, 

**  Nothing  of  value  has  been  passed  over,  and  nothing  given  but  what  will  lead  to  a 
correct,  and  even  an  exact,  knowledge  of  the  present  state  of  electrical  science." — 
Mechanic^  Magazine. 

*'  We  know  of  no  book  on  electricity  containing  so  much  information  on  experi- 
mental facts  as  this  does,  for  the  size  of  it,  and  no  book  of  any  size  that  contains  so 
complete  a  range  of  {»cts.**—£nglisA  Mechanic. 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM:  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  purposes 
to  which  it  has  been  applied.  By  Sir  W.  Snow  Harris,  F.R.S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
Noad,  Ph.D.     With  165  Woodcuts.     i2mo,  cloth.     4J.  6^?. 

\Now  ready. 

Chemical  A  nalysis.  , 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  **  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  Rose's 
"Treatise  of  Chemical  Analysis."  Illustrated  with  Woodcuts. 
Second  and  cheaper  Edition,  post  8yo,  qj.  cloth. 

"We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  stronglv  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner." — 
Medical  Times, 

'*  The  very  best  work  on  the  subject  the  English  press  has  yet  produced."— Jl/if- 
ckanic^  Magazine. 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rev. 
John  Carr,  M.A.,  late  Fellow  of  Trin.  Coll.,  Cambridge.  Second 
Edition.     i8mo,  5j.  cloth. 
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Science  and  Art. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART ;  ex- 
hibidng  the  most  important  Inq)rovements  and  Discoveries  of  the 
Past  Year  in  Mechanics  and  the  Usefal  Arts,  Natural  Philosophy, 
Electricity,  Chemistry^  Zoology  and  Botany,  Geology  and  Mine- 
lalogy.  Meteorology  amd  Astronomy.  ByJoHH  Tnixs,  F.S.A, 
Author  of  "Curiosities  of  Science,"  ** Things  not  Generally 
Known,"  &c     With  Steel  Portrait  and  Vignette.     Fcap.  5&  cloth. 

\*  Hits  worky  puhlisked  annuaify^  itBcmrds  ike  fr9cesdntgs  of  the 
principal  sdtmtifu  sociitia^  and  is  indispmtabk  to  ail  who  wish  to 
possess  a/aithjil  record  of  ike  kUest  noveUies  in  science  and  the  arts. 

The  back  Volumes,  from  1861  to  1870,  each  containing  a  Steel 
Portrait,  and  an  extra  Volume  for  1862,  wkh  PhotQgra{^  may  still 
be  had,  price  y.  each. 

"  Persons  who  wish  for  a  conciae  annual  summary  of  important  scaBodfic  e^'cnts  will 
find  their  desire  in  the  'Year  Book  of  Facts.'  '^—Aikmmmm. 

*'  The  standard  work  of  its  chss.  Mr.  Timbs's  '  Year  Book '  is  always  fiil!  of  sngges- 
tive  and  interesting  matter,  and  is  an  txaSSaaiirinamt  of  theyour's  foficsb  in  the 
fidences  and  die  arts.** — BmUtr. 

"  A  correct  exponent  of  scientific  pi-qgreas  ....  a  reootd  af  »hw4ifig  irti  n  il  If 
anyone  wishes  to  know  what  progress  science  has  made,  or  what  has  been  dane  in  any 
branch  of  art  during  the  past  year,  he  has  ecdy  to  feum  to  Mr.  Timfa^s  P^ves,  and 
is  sure  to  obtain  die  required  XBaoicaa3oaa."--^Medumtie£  Ma 

**  An  invaluable  compendium  of  scientific  progress  fan 
to  the  untiring  enexgy  of  Mr.  Timbs." — Atlas. 

"  There  is  not  a  more  useful  or  more  intarestiagcoa^kriaon  than  the  *  Year  Book  of 
Facts.'  .  .  .  The  discrimination  with  \^xich  Mr.  j^n^s  selects  his  facts,  and  the  admi- 
raUe  manner  in  which  he  ooadenses  iots  a  onmpaiatiwriy  shoart  space  all  the  salient 
fieataires  of  the  matters  which  he  places  on  record,  ase  deserving  of  great  pnuse."-^ 
RaOmay  News. 


Science  and  Scripture, 


SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Scries  of  Essays  on— i. 
Alleged  Discrepancies ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogoof ;  4.  l^&ades  in 
general — Views  of  Hume  and  Powdtt ;  5.  The  Muade  of  Joshua— 
Views  of  Dr.  Colenso :  The  Supemateraflpf  inipossibfe ;  6.  The 
Age  of  the  Fixed  Stars — their  Distances  and  Manes.  Bj  Professor 
J.  R.  Young,  Author  of  **  A  Coarse  of  Elementary  Mathrmatics," 
&c.  &C.     Fcap.  8vo,  price  51.  doth  lettered. 

"  Professor  Young's  examinatiaif  of  die^early  veracs_of  Genesis,  m  connection  with 
aiodem  scientific  hypodieses,  is  1 


*'  Distinettished  by  the  tane  s|wit  of  sriimtiirr  iaqniry .  by  ^wiil  kaonriodce,  by  keen 
bgical  abiUty,  and  by  a  style  peculiarly  clear,  easy,  and  energetic.'*    \Nmmtmmfa9  mitt. 


"  No  one  can  rise  from  its  perusid  -widraut  bong  iimiimiMJ  willim  somb  of  the  sin* 
gular  weakness  of  modem  scepticism."— ^a//M/  Mctgatdne. 

"The  author  has  displayed  considerable  leanua^and  critical  aciaoeaia  combating 

the  objections  alluded  to The  volojue  ■  one  of  c»ntidarabla  'mbse,  ioas- 

mack  as  it  contains  aMidLaomd  thought,  and  is  calodaled  to  assist  thejgeader  to  dis- 

onunate  truth  from  error,  at  least  so  ftu:  as  a  finite  mind  is  aUe  to  — p^nttp  them. 

The  work  therefore,  mnst  be  considered  to  be  a  inhiaUe  coBtribotion  t»aMm>Tei^ 

Geological  Uterature."— C<V^  Prtss.  — -— »»wt«.-. 
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Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or,  Gwlogy  and 
Genesis,  their  Perfect  Hanaoay  and  Wonderibi  Concord.  By 
Gbokgk  W.  V1CTOI6  Le  Vaux.  With  nuraerons  Illustrations. 
Fcap.  Svo,  pfioe  5^.  dodi. 


"  We  can  reeoonMod  Mr.  Le  Vaox  «s  an  able  and  mterestiiig  gnide  to  a  pc^ular 
appredatwn  of  cctkLoffical  acieoce."— J'/tfcilaiSor. 

"  The  aathor  acwnouies  an  tmboiaded  adnucatioB  of  adence  ynAi  an  naboonded 
admiration  of  the  Written  Record.  The  two  inpulseiaze  httlajM^  to  a  nicety;  sMsd 
the  consequence  is,  that  dUEculties,  which  to  minds  less  erenljr  poised,  would  be 
serious,  find  immediate  solutions  of  the  happiest  kinds." — London  Review, 

"  A  nMfit  instiuctive  and  readabk  book.  We  weloooBe  this  vdume  as  aiding  in  a 
most  inmortaat  diacosaion,  and  commend  it  to  dune  interested  in  the  subject."— 
EvMupmcai  Mmgmame. 

*'  Viipiroiislf^  wnttcB,  roertat  in  apint»  stocad  witfa  iaatmctive  gBological  fiicts,  and 
designed  to  skoir  that  there  is  no  dLsaryancy  or  iaconaislency  between  the  Word  and 
the  MKirics  of  the  Creator.  The  iiiture  of  Nature,  in  connexmn  with  the  glorious  destiny 
of  man,  is  viviAroonceirad.'' — Wmtdumam, 

No  xwl  diftnkr  is  shickad,  aiidno  M^hiittTis  left  viaiiand.''---77lr  JP«dL 


<4 


Geology y  Physical. 

PHYSICAL  GEOLOGY.  (Faztly  hssed  on  Majar<k:neral 
Portlock's  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G«S.     Numeioiis  Woodcnts.     i2mo,  2j;  [Ready, 

Geology^  Historical. 

HISTORICAL  GEOLOGY.  (Partly  bracd  on  Major-General 
Portlock's  Rudiments  of  Geology.)  By  Rajlfh  Tats,  A.L.S., 
F.G.S^    Numerous  WoadoBis.     vinso,  is.  (xL  \_Rtady. 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING^  for  Amatcm ;  with 
Hints  OB  Design.  By  A  Lady.  In  emUematic  wrapper,  hand- 
somely printed,  with  Tea  laa^  Plates,  price  2s.  6d, 

"Tbchanriirrafraf  tfaew^>oA<«rwr.  aawdJasafapoiccan  iafwt  it,  mar  be  learnt 
from  '  A  Lady's '  puUMsdon.**— ^OtftewM. 

"  A  real  practical  guidtm    It  is  iwrjr  camyfe fc*  ^-^Ls^rmry  Gkmrekmmm. 

"  The  dieedaoM  given  aoe  plain  and  eaady  undentood,  and  it  foram  a  voy  good 
introduction  to  the  practical  part  of  the  carvo^s  art." — English 


Popular  Work  on  Paimiing. 


PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Gulltck, 
Painter,  and  John  Timbs,  F.S.A.  Slecond  Edition,  revised  and 
enlarged.    With  Frontispiece  and  Vignette.    In  small  8vo,  6j.  cloth. 

*»*  This  Work  has  beai  adoptedas  a  Piize43ook  in  the  Schools 
of  Art  at  Sooth  KfTsiagjton. 


**  A  work  that  may  be  advantas[eotidy  1  wmiIHiT,  Hneh  iDBy-  be  learned,  efen  br 
those  who  fancy  they  do  not  require  to  be  tau^t,  from  the  careful  perusal  of  th» 
unpretending  but  comprehensive  treatise.'* — Artjoumml, 

**  A  vnkia&e  baol^  ixriiich  sanMcs  a  want.  It  nwrtwiwi  a  larae  amooat  of  or^;ina( 
TnaMer».a0nBeafai^  conweycd,  and  wiil  be  fiinnd«£  ^ndne,  an  weH  by  dm  yom%  artist 
seeking  iaformalion  aa  by  the genesal leader.  We  givBAOondial  ■aim mil  tothrbook, 
and  au^nr  for  it  an  increasiag  reputation. " — Bmlder, 

'*  This  whaae  is  one  that  tae  can  heastSy  reeoonnaad  to  all  who  are  desirous  of 
uiMJrrJnnding  whar  tfaegradanreaa  a  flfnnii  puintiii^.**— Tggtjjr  3%—. 
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Delamotte^s  Works  07t  Illumination  &  A  Ipkabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners  :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  lUimiinated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.     Small  4to,  price  9^.    Elegantly  bound,  cloth  antique. 

"A  handy  book,  beautifully  illustrated ;  the  text  of  which  is  well  written,  and  cal- 
culated to  be  iiseful.  .  .  .  Theexamplesof  ancient  MSS.  recommended  to  the  studem. 
which,  vrtth  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — A  theweunt. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  &c.  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4^.  cloth. 

"A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.  For  those  who  insert  enamelled  sentences 
round  gilded  cnalices,  who  blazon  shop  legends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  aseful.'' — Atketutwn. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers. 
Carvers,  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4J.  cloth. 

"  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  Udent  which 
has  been  expended  in  the  conception  of  the  various  plain  and  ornamental  letters  is 
wonderful.  ** --Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.  Containing  21  Plates,  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  "With  an  Introduction  by  J.  Willis 
Brooks.     Small  4to,  6s,  cloth  gilt. 

**  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometime> 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
onlv  comparable  to  one  of  those  delicious  love  letters  symbolized  in  a  bunch  of  flowers 
well  selected  and  cleverly  arranged." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  2J.  6d,  in  ornamental  boards. 
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Yotiatt  and  Burtis  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  nth  Edition,  enlarged  by 
Robert  Scott  Burn,  Author  of  "The  Lessons  of  My  Farm,"  &c 
One  large  8vo  volume,  784  pp.  with  215  Illustrations,  i/.  u.  hsilf-bd. 


CONTENTS. 


On  the  Breedings  Rearing,  Fattening^ 
and  General  Management  ^Neat  Cattle. 
— Introductory  View  of  the  different  Breeds 
of  Neat  Cattle  in  Great  Britain. — Com- 
parative View  of  the  different  Breeds  of 
iN'eat  Cattle. — General  Observations  on 
Buying  and  Stocking  a  Farm  with  Cattle. 
— The  Bull.— The  Cow.— Treatment  and 
Rearing  of  Calves. — Feeding  of  Calves  for 
Veal. — Steers  and  Draught  Oxen. — Graz- 
ing Cattle.  —  Summer  Soiling  Cattle. — 
\vinter  Box  and  Stall-feeding  Cattle. — 
Artificial  Food  for  Cattle. — Preparation 
of  Food.— Sale  of  Cattle. 

On  the  Ecofunny  and  Management  of 
tJie  Dairy. — Milch  Kine. — Pasture  and 
other  Food  best  calculated  for  Cows,  as 
it  regards  their  Milk. — Situation  and 
Buildmgs  proper  for  a  Dairy,  and  the 
proper  Dairy  Utensils. — Management  of 
.\Iillc  and  Cfream,  and  the  Making  and 
Preservation  of  Butter. — Making  and  Pre- 
servation of  Cheese. — Produce  of  a  Dairy. 

On  tlu  Breeding,  Rearing,  and  Ma- 
nagement of  Farm-horses. — Introductory 
and  Comparative  View  of  the  different 
Breeds  of  Farm-horses.— Breeding  Horses, 
Cart  Stallions  and  Mares. — Rearing  and 
Training  of  Colts. — ^Age,  Qualifications, 
and  Sale  of  Horses. — Maintenance  and 
Labour  of  Farm-horses.  —  Comparative 
Merits  of  Draught  Oxen  and  Horses.— 
Asses  and  Mules. 

On  the  Breeding,  Rearing,  and  Fat- 
tening <2/^^A^^/.— Introductory  and  Com- 
parative View  of  the  different  Breeds. — 
Merino,  or  Spanish  Sheep. — Breeding  and 
Management  of  Sheep.  —  Treatment  and 
Rearing  of  House-lamps,  Feeding  of  Sheep, 
Folding  Sheep,  Shearing  of  Sheep,  &c. 

On  the  Breeding,  Rearing,  and  Fat' 
tening  of  Szuine.— introductory  and  Com- 
parative View  of  the  different  Breeds  of 
Swine. — Breeding  and  Rearing  of  Pigs.— 
Feeding  and  Fattening  of  Swine. — Curing 
Pork  and  Bacon. 


On  the  Diseases  of^  C<i///iP.— Diseases 
Incident  to  Cattle. — Diseases  of  Calves.— 
Diseases  of  Horses. — Diseases  of  Sheep. — 
Diseases  of  Lambs. — Diseases  Incident  to 
Swine.  —  Breeding  and  Rearing  of  Do- 
mestic Fowls,  Pigeons,  &c. — Palmipedes, 
or  Web-footed  kinds. — Diseases  of  Fowls, 

On  Farm  Offices  and  Implements  of 
Husbandry. — The  Farm-house,  the  Farm- 
yard, and  its  Offices.  —  Construction  of 
Ponds. — Farm  Cottages. — Farm  Imple- 
ments.— Steam  Cultivation. — Sowing  Ma- 
chines, and  Manure  Distributors. — Steam 
Engines,  Thrashing  Machines,  Corn- 
dressing  Machines,  Mills,  Bruising  Ma- 
chines. 

On  the  Culture  and  Management  oj 
Grass  Land. — Size  and  Shape  of  Fields. 
—Fences.  —  Pasture  Land.  —  Meadow 
Land. — Culture  of  Grass  Land.  —  Hay- 
making. —  Stacking  Hay. — Impediment:> 
to  the  Scythe  and  the  Eradication  of 
Weeds. — Paring  and  Burning. — Draining. 
Irrigation. — Warping. 

On  the  Cultivation  and  Application 
of  Grasses,  Pulse,  and  Roots. — Natural 
Grasses  usually  cultivated.  —  Artificial 
Grasses  or  Green  Crops.  —  Grain  and 
Pulse  commonly  cultivated  for  their 
Seeds,  for  their  Straw,  or  for  Green 
Forage. — Vegetables  best  calculated  for 
Animal  Food. — Qualities  and  Compara- 
tive Value  of  some  Grasses  and  Roots  as 
Food  for  Cattle. 

On  Manures  in  General,  and  their 
Application  to  Grass  Land. — Vegetable 
Manures. — Animal  Manures. — Fossil  and 
Mineral  Manures. — Liquid  or  Fluid  Ma- 
nures.— Composts. — Preservation  of  Ma- 
nures.;—Application  of  Manures.  — Flemish 
System  of  Manuring. — Farm  Accounts, 
and  Tables  for  Calculating  Labour  by  the 
Acre,  Rood,  &c.,  and  by  the  Day,  Week, 
Month,  &c. — Monthly  Calendar  of  Work 
to  be  done  throughout  the  Year. — Obser- 
vations on  the  Weather. — Imdkx. 


*•  The  standard,  and  text-book,  with  die  farmer  and  grazier." — Farmer's  Magazine. 

"  A  valuable  repertory  of  intelligence  for  all  who  make  agriculture  a  pursuit,  and 
especially  for  those  who  aim  at  keeping  pace  with  the  improvements  of  the  age." — 
BelCs  Messenger. 

**  A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures.'* — Mark  Lane  E.xpress, 
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Scoii  Bum's  Introdtutian.  to  Farming, 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agrioil- 
tnrists,  being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  Ae  Feedii^  of  Cattle,  Management  of  Ae  Dairy,  Poultry, 
and  Pigs,  and  in  tbe  Keeping  oS.  Farm- work  Recoids.  By  Robert 
Scott  Burn,  Editor  of  '*  The  Year-Book  of  Agricakmaa  Facts," 
&C.  With  nnmeroos  Illustiations.  Fcp.  6j.  cloth. 
**  A  most  ODBplete  iaCradncdon  to  the  whole  nuad  of  funam^  practioe.* — ^ohn. 

**  There  are  many  hints  in  it  ^Ich  even  old  fanners  need  not  be  ashamed  to 
accept." — Morning  Herald. 

Tables  for  Land  Valuers, 

THE  LAND  VALUER'S  BEST  ASSISTANT:  bemg Tables, 
on  a  very  much  improved  Flan,  for  Cakabting  the  Value  of 
Estates.     To  which  are  added,  Tables  for  reducing  Scoidi,  Iri^ 
and  Pxorinciad  Cnstoanaiy  Acres  to  Statute  Measure ;  also.  Tables 
of  Square  Measure,  and  of  the  vaiioos  IKaensiaDs  (£.  aa  Acne  in 
Perches  and  Yards,  by  which  the  Contents  of  any  Pk*  of  Graniid 
may  be  ascertained  without  the  expense  of  a  regular  Survey  ;  &c. 
By  R.  Hudson,  Civil  Engmeer.     New  Eifition,  with  Additions  and 
Correctiaiis,  prioe  4£.  strra^y  bound. 
"This BBw editiaa  indudes  tftbles  ibr  aBcertaiBtag^  the vaiueef  leaset  Ibr  aaj  term 
of  years ;  and  for  showing  how  to  lay  oat  plots  of  jgromul  of  certain  acres  in  ferms, 
square,  n»nd,  &c.,  with  valuable  rules  for  asoflrtaJBuig  the  pavbafale  w«tii  aiataadiag 
timber  to  any  aaaoiart ;  and  is  of  iaoaiciilable  -value  to  due  ixmuliy  genrtnwan  aad  pro- 
fessional man.  **—FArm»f*s  yaumttL 

The  Laws  of  Mines  and  Mining  Companies. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to 
MINES  and  MINING  COMPANIES.  By  WnriTOW  Aamf- 
DELL,  Attomey-at-Law.     Crown  Svo.  4;,  doth. 

Auctioneer's  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Saie,  or  Renewal  of 
X^eases,  Annuities,  and  Reversions,  and  of  property  generally; 
with  prices  for  Inventories,  &c.  Bjr  John  Whexlea,  Valuer,  ta. 
Third  Edition,  enlaxged,  by  C.  N0&&IS.  Royal  321x10,  strongly 
Ixwad,  pnce  Jj.  Xjust patUiskei. 

"A  ncBt  and  ooucise.  book  of  vefaMnce,  oonlaianqf,  an  adnvable  aad  iImiIj- 

anaaged  list  of  prices  fior  in^ncntaries,  asd  a.very  praeticsLflndb  ts  detexaaiae  iJbe 

vakae  of  famiCuve,  ixJ^^-SiaMdmand^  Jane  27,  1871. 

The  Civil  Service  Book-keepimg. 

BOOK-KEEPING  NO  MYSTERY:  its PriodDkspapnkriy ex- 
plained, and  the  Theory  of  Double  Entiy  asMiysra ;  ibr  the  use  of 
YoiDDg  Men  coBRmencing  Business,  Examination  Candidates)  and 
Students  generally.  By  an  Expkubibced  Book-Ke^bk,  late  di 
H.M.  Civil  Service.    Second  Edition.    Fcp«  8«o.  pnceac  doth. 


A  book  which  faringv  the  so<aUed  aqpatertta  vatUn.  the  ^wiyiJ- mjnn  of 


simpleat  capacity." — Sunde^  Times. 

"It  is  dear  and  concise,  and  exactly  such  a  tcxtrfaa^  aa 
Qtitrterly  Tmtrfial  of  Educatum,  ^wwa,  aa 
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Text-Book  for  Architects^  Engineers^  Surveyors y 
Land  Agents^  Country ^  Gentlemen^  &c. 

A  GENERAL  TEXT-BOOK  foB  ARCHITECTS,  ENGI- 
NEERS, SURVEYORS,  SOLICITORS,  AUCTIONEERS, 
LAND  AGENTS,  and  STEWARDS,  in  aU  their  several  and 
varied  Professional  Occupations ;  and  for  the  Assistance  and 
Guidance  of  Country  Gentlemen  and  others  engaged  in  the  Trans- 
fer,  Management,  or  Improvement  of  Landed  Property ;  together 
widi  Examples  of  Villas  and  Country  Houses.  By  Edward  Ryde, 
Civil  Engineer  and  Land  Surveyor.  To  which  are  added  several 
Chapters  on  Agriculture  and  Landed  Property,  by  Professor 
Donaldson,  Author  of  several  works  on  Agriculture.  With 
numerous  Engravings,  in  one  thick  vol.  Svo,  price  i/.  Sx.  cloth. 


CONTENTS. 


Arithmetic. 

Plane  and  Solid  Geomstbv. 

Mensuration. 

Trigonometry. 

Conic  Sections. 

Land  Measuring. 

Land  Surveying. 

Levelling. 

Plotting. 

Computation  or  Areas. 

Copying  Maps. 

Railway  Surveying. 

Colonial  Surveying. 

HyDRAUUCS        in        CCmHECTION 

WITH    Drainage,    Sewerage, 
AND  Water  Supply. 


Timber  Measuring. 
I  Artificers'  Work. 
'  Valuation  of  Estates. 
I  Valuation  or  Tillage  and  Tenant 
I      Right. 

Valuation  of  Parishes. 

Builders'  Prices. 

Dilapidations  and  Nuisances. 

Tub  Law  relating  to  Appraisers  and 
Auctioneers. 

Landlord  and  Tenant. 

Tables  or  Natural  Sines  and  Co- 
sines ;  for  Rsddcing  Lxnks  into 
Feet,  &c,  &c. 

Stamp  Laws. 

ExAMPUss  or  V1LI.AS,  &c. 


To  which  are  added  Fourteen  Chapters 
ON  LANDED  PROPERTY.    By  Professor  Donaldson. 

Chap.        I. — Landlord  and  Tenant :  their  Position  and  C<»uiections. 

Chap.      II. — Lease  of  Land,  Conditions  and  Restrictions ;  Choice  of  Tenant, 

and  Assignation  of  the  Deed. 
Chap.     III. — Cultivation  of  Land,  and  Rotation  of  Crops. 
CLap.      rV.— Buildings   necessaiv   on  Cultivated   Lands :    Dwdling-houses, 

Farmeries,  and  Cottages  for  Labourers. 
Chap.       V.—- Layipg  oat  FarnM»  Roads,  Fences,  and  Gates. 
Chap.      VI.— Pkmtatkms,  Vowig  and  CMd  Timber. 
Chap.   VII. — Meadows  and  Kmhaiilr meats,  Beds  of  Riveis,  Water  Coinraes, 

and  Flooded  Grounds. 
Chap.  VIII.-'Laad  Draining,  Opened  and  Covered :  Plan,  Execution,  and 

^  Axnuigeinent  between  Landlord  and  Tenant. 
Chap.     IX. — Minerals,  Working,  and  Value. 
Chap.       X. — £lxpenses  of  an  Estate. 
Chap.     XL— Yaination  of  Landed  Roperty  ;  of  the  So3,  of  Houses,  of  Woods, 

of  Minerals,  of  Manorial  Rights,  of  Royalties,  and  of  Fee 

Farm  Rents. 
Chap.   XII.~Land  Steward  and  Farm  BaOiff :  QoaUScatiens  and  Dotiea. 
Chap.  XIII. — Manor  Bailiff,  Woodrecve,   Gardenei,     nd  Gamekeeper  :  dieir 

Position  and  Duties. 
Chap.  XIV.— Fixed  Days  of  Audit :  Half-yeariv  Payuieiits  of  Rents,  Form  of 

Notices,  Receipts,  and  oi  Cash  Books,  General  Map  of  Es- 
tates, &C. 
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"  JVo  Engliskmafi  ought  to  be  without  this  book!' 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister.  9th  Edition, 
carefully  revised,  including  a  Sumniary  of  the  New  Bankruptcy 
Laws,  the  Fraudulent  Debtors  Act,  the  Reported  Cases  of  the 
Courts  of  Law  and  Equity,  &c.  With  Notes  and  References  to  the 
Authorities.  \zmo,  price  6s,  Zd,  (saved  at  everj'  consultation], 
strongly  bound.  {_Now  rtady. 

Comprising  the  Rights  and  Wrongs  of  Individuals^  Mercantile  and  Com- 
mercial Law^  Criminal  Lmo^  Parish  Law,  Count}'  Court  Z/kt, 
Came  and  Fishery  Laws,  Poor  Men^s  Lawsuits, 

THE  LAWS  OF 


Bankruptcv. 

Bills  of  Exchahge. 

contxacts  and  agreements. 

Copyright. 

DowBs  AND  Divorce. 

Elections  and  Registration. 

Insurance. 

Libel  and  Slander. 


Mortgages. 

Settlements. 

Stock  Exchange  Practice. 

Trade  Marks  and  Patents. 

Trespass,  Nuisances,  etc 

Transfer  of  Land,  etc. 

Warranty. 

Wills  and  Agreements,  etc. 


Also  Law  for 


Landlord  and  Tenant. 
Master  and  ServantT 
Workmen  and  Apprentices. 
Heirs,  Devisees,  and  Legatees. 
Husband  and  Wife. 
Executors  and  Trustees. 
Guardian  and  Ward. 
Married  Women  and  Infants. 
Partners  and  Agents. 
Lender  and  Borrower. 
Debtor  and  Creditor. 
Purchaser  and  Vendor.  ^ 
Companies  and  Associations. 
Friendly  Societies. 


Oer^ymen,  Churchwardens. 
Medical  Practitioner^  &c. 
Bankers. 
Fanners. 
Contractors. 

Stock  and  Share  Brokers. 
Sportsmen  and  Gamekeepers. 
Farriers  and  Horse-Dealers. 
Auctioneers,  House- Agents. 
Innkeepers,  &c. 
Pawnbrokers. 
Surveyors. 

Railways  and  Carriers. 
&c.  &c. 


**  No  Englishman  ought  to  he  wtikoui  this  look .  . ,  any  person  perfectly  unin- 
formed on  legal  matters,  who  may  retquixe  soand  information  on  unknown  law  points, 
will,  by  reference  to  this  book,  acquire  the  necessary  information ;  and  thus  on  many 
occasions  save  the  expense 'and  loss  of  time  of  a  visit  to  a  lawyer." — Engineer,  Jan, 
28,1870. 

"  It  is  a  complete  code  of  English  Law,  written  in  plain  language  which  all  can 
understand  . .  .  should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to 
abolish  lawyers'  bills." — Weekly  Times,  March  6, 1^70. 

"  With  the  volume  before  us  in  hand,  a  mtn  may,  in  nine  cases  out  of  ten,  decide 
his  own  course  of  action,  learn  how  to  proceed  for  redress  of  Mrronss,  or  recovery  of 
rights,  and  save  his  pocket  from  the  dreaded  consultation  fees  and  the  incalculable 
buls  of  costs.**— C«v«/  Service  Gazette,  May  23,  1868. 

*'  We  have  found  it  highly  satisfactory  as  a  work  of  authority  and  reference,  and  a 
handy-book  of  information.  There  Ls  abundance  of  cheap  and  safe  law  in  this  work 
for  aU  who  want  it." — Eock,  May  26,  1868, 

**  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.**— Z<x7v 
Magazine. 

•  "i)^^i'  **  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughl  y 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readi- 
ness when  some  knotty  point  requires  ready  solution."— iBi)frj  Life, 


Bradbury,  Evann,  A  Co.,  Printers.  Whitefnars,  London. 
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